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BIOGRAPHICAL NOTICE OF EBENEZER EMMONS. 

Br JuLKS Mabcou. Cambridgre, }1bs8. 

The founder of American palaeozoic stratigraphy and the first 
discoverer of the primordial faana in any country, Dr. Ebenezer 
Emmons, was bom at Middlefield, Massachusetts, May 16, 1800. 
He received the Puritan education of the communities and fami- 
lies of New England, which influenced him through life, giving 
him an apparent severity and sternness of manners, although in 
reality of a cheerful and playful disposition. Without being in the 
least melancholy, he was distant in his manner, and being deeply 
religious, he enforced in his family strict Puritan discipline. For 
instance, with him < < Sunday commenced Saturday evening at sun- 
down and did not end imtil Monday morning, and it was consid- 
ered sinful to laugh at any time during this interval," as one of 
his children wrote me. 

Emmons prepared for college at Plainfield, Mass. , under Rev. 
Mr. Halleck, and during his vacations his time was mostly spent 
among the Middlefield and Chester rocks, collecting minerals and 
also making collections of insects and plants. He entered Wil- 
liams college at the age of sixteen, and graduated in the class of 
1820. During his stay at college, he became the favorite pupil of 
C. Dewey, the professor of natural history, and a short time after, 
when a medical student at Albany, he became acquainted with the 
geologist, professor Eaton. 

After graduation Dr. Emmons practiced medicine and surgery 
in Berkshire county fifteen years, and during that time performed 
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many jgpcty^ sb^d difficult surgical operations with notable success ; 
he wfLS**/ilb^ considered the most reliable medical practitioner in 
tKe county. After being appointed professor of chemistry at the 
Xlbany Medical college in 1838, he continued his connection with 
that institute until 1852, when he resigned his professorship of 
chemistry in favor of Dr. Lewis Beck (the mineralogist of the 
geological survey of New York), and assumed the professorship of 
obstetrics, in which branch of medical instruction he was eminent. 

But his chief interest was in geology, and as far back as 1824, 
he is mentioned by professor C. Dewey as his assistant for the 
construction and description of * * A Geological map of the County 
of Berkshire, and of a small part of the adjoining states," the first 
truly geological attempt to systematize and classify with details 
the rocks of the Taconic area. 

From his graduation at Williams college in 1820, Emmons con- 
stantly explored the hills of Berkshire, making always geological 
observations in his constant rambling over the county, as a coun- 
try medical practitioner, and using his opportunities in Williams 
college as lecturer and professor, to survey minutely every part of 
the area of Berkshire. As early as 1828, he was lecturer on 
chemistry at that institution, and in 1833 he was appointed pro- 
fessor of natural history as successor of his teacher, professor 
C. Dewey. I should say, in order not to break his record at 
Williams college, that in 1854, his professorship was called chair 
of natural history and geology, and after 1859 until his death in 
1863, he held the title of professor of geology and mineralogy. 
To Emmons is due mainly all the collections in natural histor}' of 
that celebrated institution of learning. 

His appointment as geologist of the *« Second District " of the 
geological survey of the state of New York, in July, 1836, gave 
the opportunity for the exercise of his power of acute observa- 
tion in the field, and as a classifier of geological data, which made 
his great and just reputation. The state of New York was divided 
into districts, and the following geologists were appointed : Wil- 
liam W. Mather for the first district, professor E. Emmons for 
the second, T. A. Conrad for the third and Lardner Vanuxem for 
the fourth. These appointments of governor W. L. Marcy were 
excellent. Emmons, Conrad and Vanuxem were all three very 
remarkable observers and classificators of the first order. 

Vanuxem was the first foreign student admitted without exami- 
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nation at the School of Mines in France, tlirough the influence and 
patronage of general Lafayette, and daring his stay in Paris, he 
profited by the great and unique advantage, then existing, of fol- 
lowing the lectnres of such naturalists as : Alexander Brongniart, 
r abb6 Hauy, George Cuvier, Geoflfroy St Hilaire, Brochant de 
Villiers and Berthier. Having returned to America, Yanuxem 
devoted himself to mining pursuits, but with a constant lookout 
for geological researches, and it was he who made the first modern 
classification of our rocks, after the old Wemerian classification of 
MacClure. To Vanuxem we owe the discovery of the Cretaceous 
system and the exact classification as Transition strata of all the 
beds regarded then as ** Secondary " in the states of New York, 
Ohio, Kentucky, Tennessee and Virginia. He saw at once that 
the classification of professor Eaton of all the rocks of the four 
district areas, from Otsego and Tioga to Erie and Niagara 
counties, as very modern secondary groups, was untenable and 
incorrect, and to him is due the exact classification of the strata 
of the fourth and in part also of the third district. 

Conrad, a very able conchologist of the Lamarck and Deshayes 
school, called at once the attention '*to the importance of a knowl- 
edge of organic remains " for the classification of the New York 
strata; and in his first report, of 1836, issued February, 1837, he 
gave a good general classification of the principal masses of strata 
from the Calcareous sandstone of the Mohawk valley to the Onon- 
daga limestone series. Appointed palaeontologist of the state survey, 
he helped to give more details to the classification and nomenclature 
made and used, until he left the survey in 1841, on account of 
poor health, — a great and irreparable loss, which has weighed 
heavily ever since on the progress of American palaeozoic palftK)n- 
tology and geology. 

But to Emmons is due the most difficult part of the geological 
survey of New York, and to him mainly we owe the very remark- 
able classification of the New York strata into two great series or 
systems, the Taconic system and the New York system. And to 
him also is due the division of the New York system into four 
great divisions or series, the Champlain, Ontario, Helderberg and 
Erie. 

As soon as appointed state geologist, Emmons searched for an 
assistant acquainte<i with mineralog}' to help him to survey the 
iron ores abundantly distributed in the second district. He wrott^ 
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to his friend Dr. Charles T. Jackson, of Boston, to know if he 
could recommend a ^'^oung mineralogist for the position. Jack- 
son designated the son of a miller of the village of Hingham, 
near Boston, named James Hall, who used to come often to his 
office, bringing with him minerals to determine and borrowing 
books. Acting on the recommendation of Dr. Jackson, Dr. Em- 
mons appointed James Hall for his assistant, and during the first 
season of the sui'vey Mr. Hall gave much of his attention to the 
ores of iron in the northern district of New York. 

During the second season of exploration, Dr. Emmons named, 
described, and classified the Potsdam sandstone^ so celebrated 
since. The first time that the <' Sandstone of Potsdam " is used 
in geology is at p. 214 of the second annual report of the <<2nd 
Geological District" of the state of New York, by Emmons, 
1838. Notwithstanding the excellent description given b}' Dr. 
Emmons, never has a well defined group of strata been so little un- 
dei*stooii and so erroneously made use of. Beds ranging from the 
Paradoxides argillites of Braintree inclusive to the Triassic sand- 
stone of lake Superior, have been referred to it, at random, with- 
out the smallest appearance of identit}' or even of close afiSnity. ^ 

In 1838 Dr. Emmons began to make observations which led 
him in 1842 to create below the Potsdam sandstone the great 
Taw)nic system, composed of a series of strata twenty-five to 
thirty thousand feet thick. At first he did not find fossils, but 
two years later he published his memoir on <<the Taconlc sys- 
tem " with fossils unknown in any other system and as he says, 
'< peculiar to the black and the Taconic slates." The discovery 
of Taconic fossils was made in September, 1844, near Bald moun- 
tain, in the state of New York, and they were published in Decem- 
ber of the same year at Albany, under the names of Atops trilin- 
eatuSf Elliptocephala asaphotdes^ Nemapodia tenuissima^ and 
Fucoides {graptolites) simplex. It was the first discovery and de- 
scription of the Primordial fauna, all the world over ; a discovery 
proved by dates and advocated by Barrande, the first authority on 
the Lower Palaeozoic paleeontologj'. ( ^ * On the use of the name Ta^ 



*The Identification of rocks to the Potsdam sandstone of Emmons, 
constitutes a singular chapter in the history of the progress of Ameri- 
can geology. Even to this day, we have the curious spectacle of a 
Head of Division of the U. S. Geological Survey who contrives to refer 
to the Potsdam, any strata of the Taconic system, whenever wanted at 
any special and convenient place to suit the purely imaginative and 
over changing classification of his so-called American Cambrian. 
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conic," by J. Marcou, Proceed. Boston Soc. JV. If., vol. xxiii^ 
March 2, 1887). 

The volume issued in 1842, at Albany', of the '^Geoloj?}' of 
New York, Part II, comprising the survey of the Second Geologi- 
cal District," by Dr. Ebenezer Emmons, gave an excellent de- 
scription of all the strata from the Potsdam sandstone to the ter- 
mination of the Lorraine shales in a grey sandstone called Oneida 
conglomerate and sandstone. In this volume we have what we 
can call the germ of the ** Taconic system," below the " New York 
Transition system," at chapters vii, viii and ix, pp. 135-164. 
With the greatest honesty, which always characterizect the scien- 
tific researches of Dr. Emmons, and with great courtesy, he made 
apology for stepping over the bounds of the second district and 
encroaching on the first district Emmons sa^'s that : < ^ He does 
not expect to be able to give full justice to the subject," only 
claiming " the merits, to a certain extent, of removing some of 
the obscurities which envelope this system of rocks." ....** They 
form a belt whose width is not far from fifteen miles along the 
whole western border (of the county of Berkshire, Mass.). and 
which extends clearly to the western base of the Taconic range. " 

At the end of the volume, p. 429, we have the most important 
and verj' well balanced classification of the palaeozoic rcK'ks in 
New York, which shows how Emmons was able to gi'iisp all the 
difiScultles — and the}- were numerous, and some very great — f)f the 
division, classification and nomendatui-e of the palaeozoic rocks of 
North America. 

OF 



TABULAR VIEW 



THE SEDIMENTARY ROCKS OF NEW 
YORK. 

Taconic System Taconic slate, Magneslan slate, Stockbridge lime- 
stone, Granular Quartz. 

Potsdam sandstone, Calclferous sand rock, 

Chazy and Blrdseye limestone, Marble of 

Champlain Group, -j Isle La Motte, Trenton limestone, Utica 

slate, Loraine shales, grey sandstone, con- 
^ glomerate. 

r Medina sandstone, Green shales and Oolitic 
J iron ore, Niagara limestone, Red shale, Onon- 
daga salt and plaster rocks, Manlius water- 
lime. 



CD 

■X 



Ontario Group. 
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Below, Emmons adds the Old Red system, the New Red system, 
and the Tertiary or blue and yellowish clays of Champlain. To 
Dr. Emmons are due, the Chazy limestone, the Black marble of 
the Isle La Motte, the Loraine shales, the Champlain group, the 
Ontario group, the Helderberg series, the Erie group, and finally 
the Taeonic system ; achievements which it was given to no one 
in America nor in Europe to attain. 

During the same jear, 1842, the final report of the third dis- 
trict, by L. Vanuxem, was published ; and in this at p. 13, we 
have a tabular view identical with the one of Dr. Emmons, the 
onl}' changes being the name Loraine shales, which is replaced 
l)y Hudson River group, the gre^y sandstone is removed from the 
Champlain division, into the Ontario division, the Onondaga salt 
group and the Manlius water-lime are put into the Helderberg 
series. Vanuxem takes special care to say, at pp. 12 and 22, 
that the names of Taeonic, Champlain, Ontario, Erie and Hel- 
derl)ei'g have l>een given by Emmons, and that * * the views of Dr. 
Emmons were cordially embraced and adopted with some modi- 
fications. " The two other final reports of the first and fourth dis- 
tricts, were not issued until one year later, in 1843, and the first 
volume of palaeontology in 1847. The dates and facts signalized 
by Emmons and Vanuxem fix bej'ond any iy>ssible doubt and dis- 
cussion the priority of the classification and the leading part 
taken in it by Dr. Emmons. Vanuxem accepted and encouraged 
the adoption of the Taeonic system, until his death in January, 
1848. 

The great value of Emmons' discoveries, classification and no- 
menclature, was shown at once by the very violent opposition 
with which certain geologists received them. It is always dan- 
gerous to be too far in advance of j'our contemporaries ; and Dr, 
Emmons was quickly reminded that good and acute observations 
are not suflScient in the view of some young ambitious geologists, 
whose knowledge and power of observation are not equal to their 
<lesire of notoriety as great observers. His report of the second 
district of New York was attacked at once by Henry D. Rogers, 
in his ''Address delivered at the meeting of the Association of 
American Geologists and Naturalists, held in Washington, May, 
1844." New York, 1844, at pp. 16-19, who in substance says : 
that the so-called Taeonic system was simply the Champlain sys- 
tem ' ' disguised by some change of mineral type and b}' igneous 
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metiimorpbosis ; " and from that date until the meeting of the 
Boston Societ}' of Natural History, of October 17, 1860, when I 
made a joint communication witli Barrande ' * On the primordial 
fauna and the Taconic sj'stem," the Taeonic was considered as 
metamorphosed beds, "in the utmost confusion, " of the Cham- 
plain, Upper Silurian, Devonian and even Carboniferous, bj' 
3Iessrs. H. D. Rogers, W. B. Rogers, Ed. Hitchcock, W. W. 
Mather, James Hall, W. E. Logan, and J. D. Dana. 

Dr. Emmons' *' Taconic system" of 1844 with its fossil de- 
scriptions and figures, instead of disarming his adversaries was re- 
ceived with an opposition which from that moment took a form of 
persecution, unique in the histor}' of geologj-, even when compared 
with the not very creditable course taken by Murchison against 
Setlgwick. Having inserte<l in his first volume of "Agriculture 
of New York," as an" Introduction " necessary for the understand- 
ing of all the soils, a description of the Taconic and New York 
systems, with fine sections, beautiful geological views and fossils, 
Dr. Emmons prepareil a geological map, ' ' a rei>rint in the main 
of tlie map which accompanies the first reports," with the Taconic 
system colored and made a distinct part of the map. But the 
map was so obnoxious to some of the geological corps of the state 
of New York, that although it was described at p. 363 of the vol- 
ume, and paid for by the state treasurer, it was suppressed and 
remained concealed until 1887. So Emmons did not see it even, 
and he died believing that the map had been destro3'ed by some 
unknown person. 

I shall not speak of all the malicious acts to which poor 
Emmons was subjected by his opponents ; I have sufficientl}' ex- 
posed some of them in my "American geological classification and 
nomenclature," Cambridge, 1888, and in several others of my 
papers published lately. I shall only sa}' that : ^ < During the dis- 
<;ussion upon the Taconic s^'stem, when his views were opposed by 
some in a manner which certainly to say the least, was not fair, I 
never heard him express a word showing anger, or petulance 
toward his adversaries," as one member of his family writes to 
me. And when detailing to me himself the pei*secution he had 
been subjected to for scientific opinion, in his letter of the 28th of 
December, 1860, which I have published in part in " The Taconic 
system and its position in stratigraphic geology " ( Proceed, Amvr, 
Acad. Arts and Sci., new series, vol. xii, p. 188, Cambridge), he 
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says : ' < I never treated Mr. James Hall unkindl}' in m}- life. I 
was the instrument who secured his appointment as palaeontolo- 
gist by governor Marcy." The ostracism to which Emmons was 
subjected — being in fact ruled out of American geologists — led 
him to <<look upon the subject with a kind of indifference," as he 
says in his published letter to E. Billings, dated Raleigh. Feb. 5, 
1861. ( <' Remarks on the Taconic Controversy," by E. Billings ; 
Canadian Naturalist, April, 1872). Nevertheless, from 1855 to 
1860, in his ** American Geologj* " and *« Manual of Gk3olog>%" 
Dr. Emmons maintained sternly his views, his opinions and dis- 
coveries, continuing to give new facts, well observed, as well 
palseontologlcally as stratigraphicall}' ; and going so far as to 
identify the fauna he had found in his Taconic system with the 
primordial fauna of Bohemia, so well described by Barrande. 

In 1856, a change took place in the curatorship of the State 
Cabinet of Natural Historj^ of New York, which was the begin- 
ning of the vindication of Dr. Emmons* opinions and discoveries. 
John Gebhard Jr. , a very inefficient curator, who removed fi-om 
the State collection, in obedience to * * order given by Dr. Beck^ 
on an ex-parte statement", the Taconic specimens of Dr. Emmons, 
and placed some of them in the Hudson River group, i^esigned and 
was replaced by colonel Ezekiel Jewett. At first, it seemed that 
one opponent of Emmons' had been replaced b}- another, and 
the first time that Dr. Emmons met the new curator in the Mu- 
seum, he said : < ^ I suppose that like the others you will not speak 
to me and recognize my position of state geologist," alluding to 
Gebhard and F. B. Meek, wlio both avoided Dr. Emmons each 
time he entered the Museum. But colonel Jewett was not a man 
to be long Influenced by prejudice and unfounded accusations, and 
although influenced at first b}^ his relation and friendsliip with the 
paleontologist of New York, he was determined to see for himself. 
Being an excellent collector of fossils and a good stratigraphist, he 
soon saw that there was something wrong about the so-called enor- 
mous Hudson River group, and the pretended Champlain metamor- 
phosed beds of the Hudson river valley ; and little b}* little, by 
his own obsen'ations in the field, and his better acquaintance with 
the methods of the two parties, he was led to become a strong ad- 
herent to the Taconic system and its author Dr. Emmons, to the 
detriment of the metamorphosed Champlain and enonnous Hud- 
son River group advocated by the state paheontologist. It took 
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him two years for the change, but after 1858, colonel Jewett be- 
came the strongest friend of Dr. Emmons, and in his blunt, fear- 
less and military way of talking, he advocated the Taconic system 
and praised its author. 

Unhappily colonel Jewett's principles were averse to publishing 
anything ; but in his correspondence he took such strong ground 
in favor of the Taconic, sending specimens of the trilobites of 
Georgia to Billings, to Barrande and myself, that he contributed 
largely to call the attention of others to the great mistake made by 
the palaeontologist of New York and by the Geological surveys of 
Pennsylvania, Vermont and Canada. From that moment, Dr. 
Emmons was no more alone to sustain his opinion. ^ There is no 
doubt that colonel Jewett's well known honesty influenced Bar- 
rande, de Yemeuil, Billings, Agassiz, and myself in the right 
direction. 

Finally, in 1860, came the '* turning point " in favor of Dr. 
Emmons and the Taconic system. Until then Joachim Barrande 
had never seen Emmons' work, nor ever heard of his discoveries, 
except in a sort of distant echo as being untenable and erroneous ; 
but aj9 soon as he was in possession of Emmons' publications, he 
took his part and became the strongest opponent to the transfer of 
the primordial fauna above the second fauna as advocated by the 
palseontologist of the State of New York, and accepted and main- 
tained boldly by the other opponents of Dr. Emmons. 

Unfortunately, at that moment Dr. Emmons disappeared out of 
sight and reach in the great civil war. Having been state geolo- 
gist of North Carolina since 1851, he left his house at Albany on 
the 2nd of September, 1860, never to return. 

A few quotations from his letters and also from some of colonel 
Jewett, all addressed to me, will give in a few words, the true 
history of the results achieved by Dr. Emmons' supporters. 

Having heard through colonel Jewett, that I had made a joint 
communication with Barrande before the Boston Society of Nat- 
ural History, on the 17th of October, 1860, in favor of the 



^Professor C. Dewey, the old teacher of Emmons always sustained the 
Taconic system; and a pupil of Emmons, professor R. P. Stevens, of 
Brooklyn, was also a constant supporter. But the death of Vanuxem 
and the retirement of Conrad were extremely unfortunate and left the 
field to those who concentrated and united their efforts to disseminate 
their erroneous views of metamorphlc Champlaln and of an immense 
Hudson River group. 
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Taconic system, he wrote me from Raleigli, North Carolina, the 
2()th of November : " I shall wait with anxiety the reception of 
your promised paper. You have alreatly, so colonel Jewett tells 
me, stirred up the trio, Logan, Hall, and Hunt. The latter took 
the colonel to task a few days ago for his belief in the Emmomian 
myth, as it is called by Mr. Lesley, of Philadelphia^;' 

In a letter dated Raleigh, January 23, 1861, he says : *a am 
under the highest obligations to you for the decided part you have 

taken in the question respecting the Taconic system Mr. 

Meek was afraid of making a call at my house lest Hall might 
hear of it. (Meek was afsistant of Mr. J. Hall frojn 1852 to 
1858, and during his long stay at Albany, he did not call once at 
Dr. Emmons' house, because when taken as an assistant by Mr. 
Hall, he agi*eed that he would have nothing to do with Emmons.) 
... .1 alwa3's doubted Hall's ability to make out a thing, for I 
found he made many blunders — has made them all along the New 
York Survey, beginning saj', with calling the Helderberg lime- 
stone Mountain limestone, ete., ete. He has with great zeal de- 
nounced me in his third volume of the Palaeontology of New York, 
just out, and run his statements to prove the error of the Taconic 
s^'stem over forty pages, I am told." (The third volume of the 
Palaeontology of New York was really published in November, 
1860 ; several copies were already distributed when Barrande and 
Marcou's joint paper appeared the 24th of December, 1860, at 
Boston. In the American Journal Sci., January, 1861, the edi- 
tor announced that in <*the Introduction Professor Hall handles 
with masterly skill the proper classification of the lower horizons 
of life in our planet and that a review of that important chapter 
with the views of Barrande will appear in the next number. " But 
that review never appeared ; the distribution of the official volume 
of palaeontology' was stopped and the few copies already distributed 
were returned to the author, and Mr. Hall suppressed all his state- 
ments designed to prove the error of the Taconic sj'Stem, recast 
the whole of his Introduction, suppressing the forty pages de- 
nouncing Dr. Emmons, and after three years of hesitations and of 
consultations with Logan and his other associates, he finally dis- 
tributed the volume in May, 1862, without giving one word of his 
so long announced * * proper classification of the lower horizons of 
life in our planet" as he undei-stood it before the publication of 
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that unealleil for, vciy troublesome joint paper of Barmnde and 
Mareou. ) 

Poor Dr. Emmons was provoked in all soi-ts of ways, and 
treated with the greatest contempt. In his letter dated Raleigh, 
December 28, 1860, already published in part in m}' paper, *'The 
Taconic system and its position in stratigraphic geology,'' p. 188, 
Cambridge, 1885, Emmons says: <'Tn line, the persecution I 
snflfered for opinion has been rarely equalled. Rogers said, in a 
Section discussion of the Taconic system, that as for the Taconic 
system it is dead ! dead ! dead ! ! ! with a significant pointing of 
his finger to. myself ; and 3'et, there never was a plainer case on 
the face of the earth. " ^ 

The following are extracts from some of the letters of the hon- 
est colonel Jewett : 

Gcoloffical Rooins^ Albany, January 10, 1861. 
lAr Dear Sik : 

On my return yestorday from a journey I found the pamphlets ( **On 
the Primordial fauna and the Taconic syst<'m, by J. Harrande, with ad- 
ditional notes, by J. Marcou," lioston, December, 1860.) you were so 
kind as to send me and for wliich 1 beg you to accept my very sincere 
thanks. 

I feel a great interest in the subject you have so well sustained, and I 
hope that the Taconic system, the most important part of our New 
York section, will no lonj?er be ignored. Taking professor HalPs teach- 
ing without investigation, I taught others that the Potsdam sandstone 

1 Thirty-three years later the same spirit with, if possible, an aggra- 
vation of arrogance, inspired the writer of the paper entitled : *'A brief 
history of Taconic Ideas" {Amer. Jr. Sc., vol. xxxvi, Dec. 1888; pp. 
410-427), In which the Taconic system is declared again dead. A pro- 
fessor of geology, graduate of Yale College and consequently an old 
pupil of Mr. J. D. Dana, says in a letter to me, dated May 6, 1889: 
** When after saying for fifty years that a certain thing is dead and con- 
tinuing to bury it during that period, the idea is carried to impar- 
tial spectators that the corpse is quite a lively affair to refuse to be 
buried. My attention was attracted to the Taconic question by the fact 
that, in spite of repeated interments, the Taconic system — like Hanquo's 
ghost — would not stay quiet. 1 was further impressed with the un- 
seemly warmth of the sextons who had so frequently officiated, and I 
was led to study the question in an entirely impartial spirit, and I have 
concluded that Dr. Emmons and yourself were and have been in the 
right." 

The same year another writer attacked Dr. Emmons on every possi- 
ble point; paheontology, stratigraphy, Hthology, classification, use of 
the name Taconic, right of priority, as a collector of fossils, and even 
as to the disappearance of his geological map from the first volume of 
the A(irlcuUiire of New York ( "The Taconic system of Emmons, and 
the use of the name Taconic in geologic nomenclature," by C. D. Walrott, 
Amer. Jr. Sci. vol. xxxv, March, April and May, 1888, pp. 2:39, 307 
and 394.) 
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was the oldest sedimentary rock in the State, until I was obliged by 
ocular demonstration to acknowledge I was wrong, and as far as in ray 
power I have corrected the error ; and of course I feel It my duty to as- 
sist professor Emmons to the extent of my ability ; and I was delighted 
to learn he has more powerful and efficient friends. 

I was pleased to learn your opinion that the Potsdam sandstone 
should be placed in the Taconic, for I have ever thought it belonged to 
the Bottom, rocks. 

I should be very happy to see you in this city and show you 

among other things the fossils collected from the Taconic system. 
I am, dear sir, with great respect your obedient servant, 

E. Jewktt, 

Jules Marcou, Esq., Boston. Curator Nat. Hist. 

Oeologlcal Rooms, Albany, January 23, 1861. 
My Dear Sir : 

Please accept my very sincere thanks for your kind letter and valued 
work on "Geology of the United States and the British provinces of 
North America," Boston, 1853, which came yesterday. 

The "Geology of " I read carefully soon after it was published 

but was so stupid or unfortunate as to think it a work of great value 
and still continue in the opinion. I was not surprised that it was at- 
tacked by professor Hall — no work of the kind escapes him ♦ ♦ ♦ 
But Just now he has enough on his hands to sustain his false theory in 
relation to our rocks and ho will find it a herculean labor to keep out of 
sight more than three-fourths of our sedimentary strata. I am told 

* * * that he now thinks more of stratigraphy and less of palseon- 
tology than before Sir William E. Logan published his letter! (Re- 
marks on the fauna of the Quebec group of rocks and the Primordial 
zone of Canada addressed to Mr. Joachim Barrande," Montreal, 3rd 
January, 1861). He observed that if Sir William's account is true 
geology is all afloat. We shall probably see in the March number of tho 
Journal of Science some fine special pleading. (A letter of Mr, Hall to 
the Editors, continues his opposition to the "scheme of Barrande in 
reference to the successive faunae of trilobites, as established in Bohe- 
mia and the rest of Europe.'') 

I have little doubt but Emmons will cordially agree with you in rela- 
tion to the Potsdam sandstone. I had a talk with him on the subject 
and the trilobites of Owen from it and now think his opinion agrees 
with mine. He is exceedingly obliged to you for the very effi<'Jont as- 
sistance you have rendered him. Emmons is a man of sterling worth 
and integrity and by having been placed in a wrong position by sharp 
practice and 'maneuvering in a lawsuit where he was only a witness, 
has been the Itest abused man in America, and all without cause. [It 
was in regard to a publication of a great Geological Tabular view for 
the schools of New York.] 

Hall says thai Sir William (Logan) has not endorsed the Taconic sys- 
em : l)ut as you observe hv will be obliged to do so. His letter to Bar- 
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randc is rather crusty, and In bad grace, and no wonder, as he reviewed 
the ground in 1859. Then Hall was his palseontological dictator, as he 
has been through the whole survey, but he could not resist tlie over- 
•whelmlng truths produced by Billings. 

I am, my dear sir, very truly your friend, 

E. Jewett. 
J. Marcou Esq., Boston. 

Oeological RooinHy Albany, Oct. 17, 1861. 
My Dear Professor : 

I am highly gratified and obliged to you for your active assistance to 
•dispel errors and do justice to science and to a most worthy man. « « « 
Mr. Billings speaks of you in the highest terms both personally aud as a 
man of science. We hear nothing from Emmons ; he will feel grateful 
when be learns that you and Billings have devoted your talents to sus- 
tain him. I*hope very soon to hear from him and will let you know at 
■once. 

I do not understand French well enough to write to Barrande, and I 
beg yon to offer him my highest regards and thanks for his valuable as- 
sistance in exposing the errors of our palsBontologist of the state of New 
York and doing Justice to Emmons and his friends. 

I am very truly your friend, 
' E. Jewett. 

Professor Jules Marcou, Boston. 

Oeologlcal Rooms, Albany, January 27, 1862. 
My Bear Professor : 

Many thanks for your most excellent paper on **the Taconic and 
Lower Silurian rocks of Vermont and Canada," November, 1861, Bos- 
ton; nothing for years has given me more pleasure, for it fixes unalter- 
ably the long disputed facts. « « « Dr. Emmons will owe you and 
Billings great gratitude for your noble and generous assistance, and as I 
used all my efforts in his behalf * * * Poffor you my most cordial 
and sincere thanks. 

I do so want to communicate the news to our honest and good friend 

Emmons ! but he is not to be corresponded with, and sealed up by the 

Bebellion. When he comes back had we not better get up an ovation 

for him to let mankind know his worth and merit? He is one of the 

most modest and unassuming men I ever saw. « « « Let me again 

thank you for the very efficient and lucid labor in the cause of science 

•and truth. I am very truly your obliged and sincere friend, 

E. Jewett. 
Professor Jules Marcou, Boston. 

In July, 1861, I received from Barrande a large bundle, con- 
taining thirty copies of bis < < Documents anciens ct nouveaux sur la 
faune primordiale et le S3'st^me Taconique en Amerique," twelve of 
which were addressed to Dr. Emmons. It was impossible to com- 
xnunicate with him and I sent the bundle to colonel Jewett, who 
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tried in 1862 and 1863 the sending in different small installmenta 
of only one cop}' each of Barrande's important memoir and my 
two papers of 1861 and 1862. As his wife succeeded in reaching 
liim in 1863, it is probable that Dr. Emmons saw our three papers 
and that he was cognizant before going to his grave that Barrande 
had established beyond any doubt and forever, his claims as the 
discoverer of the Primordial fauna and the right of American geol- 
ogy to name the strata containing it *• the Taconic system. " 

As I have said before, the masterly and extremely important 
memoir of Barrande, * 4s a model of clearness, of straightforward 
opinions on the Taconic system, as well stratigraphic as palseon- 
tologic, and the most honest protest ever published on any contro- 
verted geological question." ('* Barrande and the Taconic Sys- 
tem," by Jules Marcou, Amer. Geologist, February, 1889, p. 
120.) 

I cannot end better my exposition of Dr. Emmons* great 
achievement, than in translating the last paragraph of Barrande's 
chapter '» Observations genemles sur la faune Taconique," at p. 
297 {Loc, cit) in which he says : '» If the distinction of different 
loc4il horizons in the primordial fauna is one day pointed out in 
North America — even without any regard to the present classifica- 
tion and nomenclature — ^tbe name Taconic System will not have 
re-echoed in vain in both hemispheres." 

Good and great Barrande, his noble wonis will alwa^'s remain 
and be quoted by all geologists, and the two names of Emmons- 
and Barrande are attached forever to the oldest fossiliferous strata 
of our world. They are the discovered and they are the classifi- 
cators. 

In order not to interrupt the exposition of Emmons' Taconie 
system and its special fauna first discovered by him, I have n^- 
lected to speak of his work in another field of geology ; for his ac- 
tivity was not entirely confined to the oldest strata. Emmons- 
was appointed state geologist for North Carolina in 1851, and 
commenced the work January, 1852. In November of the same 
year he presented his *' First Annual ReiK)rt," in which he de- 
scribed and referred to their right place the coal fields of North 
Carolina, classifying them as the equivalent of the Litten-Kohl 
( Triassi(* sj'stem ) of Germany. 

In 1856. Dr. Emmons published his *' Geological Report of the 
Midland Counties of North Carolina," Raleigh and New York, 
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another work of the first order, on account of the excellent figures 
and descriptions of fossil plants of the Triassic types and of ver- 
tebrate remains. He completed the palseontological part of his 
North Carolina discoveries the following year in publishing his 
Part VL of '* American Greolog}^" Albany, 1857, devoted en- 
tirely to fossil animals and plants of the Permian and Triassic 
systems of the Atlantic slope. In it, Emmons describes the 
oldest mammal yet found under the name Dromatherium syJvestre. 
All the drawings made by his son, E. Emmons Jr. , are well exe- 
cuted, being accurate and far superior to all the figures of other 
fossil plants published until then and even since in North Amer- 
ica. We can add that later publications on the same subject 
made by the U. S. Geological Survey are not superior in any re- 
spect, as well for the drawings as for the descriptions and deter- 
minations ; and that Dr. Emmons' works on the Triassic fiora of 
North Carolina remain the standard and authoritative publications 
on American palseophytology. Dr. Emmons also was very suc- 
cessful in his important and valuable reports on the agriculture of 
the states of New York and North Carolina, seven volumes of 
which were issued between 1846 and 1860. 

• 

The painful strain put upon him, a northern man and loyal to 
the Union, by the great civil war, was too much. In some of his 
letters to me, he says : < * Our political institutions tremble. The 
South is really in hostile attitude to the North.". . . . **The politi- 
cal condition under which we are living in the South is quite op- 
pressive. I cannot but look with great fear upon the results of 
agitation, and it unfits me for work. " 111 health soon confined 
Dr. Emmons to his plantation, Brunswick county, where he died 
on the 1st of October, 1863, surrounded by his wife and son. 
His remains were brought home and interred in the Albany Rural 
Cemetery. All his valuable papers, field notes, maps, books^ 
etc. , left in North Carolina after his death, in a supposed safe 
place, were lost and are probably destroyed. 

The portrait given is from a small daguerreotj^pe taken in the 
early time of the art, and is the only likeness of him. 

The letter reproduced by photo-lithograph}- is a fair example of 
his writing and signature. It was addressed to professor Jules 
Marcou, Chestnut street, Boston, Mass. 
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PrHLirATioxs' OF Dk. Ebenezkr Emmons. 
1824. — A sketch of tho geology and mineralogy of the western part of 
Massachusetts and a small part of the adjoining states, by Chester 
Dewey {Amer. Jr. Sri. vol. vili, pp. l-<iO), — the first paper In which 
Dr. Emmons is quoted. Professor Dewey says : "Dr. E. Emmons, 
of Chester, from whom I have received many valuable remarks on 
the rocks/' and also : ** Most of the minerals of Middlefield and 
Chester have been discovered by Dr. E. Emmons, of Chester, an in- 
defatigable and acute observer." From Dewey's paper we learn 
that Dr. Emmons read before the Lyceum of Natural History of the 
IJerkshire Medical Institution a paper upon *'The Minerals of 
Middlefield and Chester," and that professor Dewey made use of it 
for his catalogue of "single minerals," pp. 31-60 at the end of his 
memoir. As the Lyceum of Berkshire never published anything, 
very likely Dr. Emmons* first paper was never published in full, 
and all we know of it is through professor Dewey. In fact, Dr. Em- 
mons collaborated to such an extent, for the observations and the 
geological map of the "sketch" of Dewey, that it may be said with 
justice that it is a joint paper of Dewey and Emmons. 

1824. — Notice of the granitic veins and beds in Chester, Mass., by E. 
Emmons {Amer. Jr. Set., vol. viii, pp. 2.50-252). 

1836. — Description of the Grevllleanum serratum, a new genus belong- 
ing to the order Musci, by Lewis C. Beck and E. Emmons (Amer. 
Jr. Sot., vol. xi, p. 183). 

1834. —Circulation in vegetables, by E. Emmons (Amer. Jr. ScL, vol. 
xxvi, pp. 99-103). 

1834.- -Birds of spring, time of appearance in Williarastown, Mass., 
1831-33, by E. Emmons {Amer. Jr. Set., vol. xxvi, p. 208). 

1835. — Strontianite in the United States, by Ebenezer Emmons, with a 
note by C. U. Shepard {Amer. Jr. Scl.y vol. xxvii, pp. 1S2-183). 

1836. — Notice of a scientific expedition to Nova Scotia, by Prof. E. Em- 
mons {Amer. Jr. Scl. vol. xxx, pp. 330-354). 

1837. — First Annual Report of the Second (Jeological District of the 
State of New York, by Prof. E. Emmons {Coinmuni&(ttkm from the 
Governor, reUitlve to t^ie Geological Survey of Uie State, to tiie Assem- 
bly. Assem. No. 161, Albany, 1837, pp. 97-153). 

1838. — Report of E. Emmons, Geologist of the Second Geological Dis- 
trict of the State of New York (Communieation from Vie Gov- 
emor, reUitive to the Geolo^flcal Survey of Uie State, to tfie Asaemr 
bly. Assem. No. 200, Albany, February 20, 1S38, pp. 185-252). 

1839, — Third Annual Reiwrt of E. Emmons, of tiie Survey of the Second 
Geological District {CommunU'atU>7i from the U(*venior, relative to 
the Geological Survey of Uie State, to the Anfiemldy. Assem. No. 
275, Albany, February 27, 1839, pp. 201-239. In the same paper- 
Assembly No. 275 — there is a CommutU/'athm fnmi Menftrs, Emr 



,tCaptain A. W. VoBr<le.s and professor Joseph F. James have aided me for the 
titles of papers by Dr. Emmons published in two periodicals: "The American 
Mag. and Repository " and "The American Quart. Jour, of Ai^riculture." 
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riunis and HaXl^ relative to a place of deposit for the different spec- 
imens collected by the Geologists, pp. 5-7.) 
1840. — Fourth Annual Report of E. Emmons, of the Survey of the Sec- 
ond Geological District {Communication from the Oovemor, trantt- 
mitting aeoeral reports relative to Uie Geological Surrey of tfie St4ite, 
to Wie Assembly. Assembly No. .50, Albany, January 24, 1840, pp. 
259-353). 
1841. — Fifth Annual Re|)ort of Ebenezer Emmons, M. D., of the Survey 
of the Second Geological District {CommunlcatUyn from the Gov- 
ernor, transvrvUting Hct^'al reports retatlve to the Geological Survey of 
the State, to Uie Assembly. Assembly No. 150, Albany, February 17, 
1841, pp. 113-136). 
1841. — Memoir of the Geological Survey of the state of Deleware: In- 
cluding the application of Geological observations to Agriculture, by 
James C. Booth, A.M.; a review by Prof. E. Emmons {Tfie Ameri- 
can Mag. and Repository of useful literature; devr)ted to science, liter- 
ature and art, and embellished witfi nurnerfjus engravings. EdiU^d by 
John S. Wood M. D. and Barnabus Wood, vol. i, pp. 77-79, Albany, 
Sept- 1841. Only two volumes of this rare publication were issued, 
for the year 1841-1842). 
1841. — Geology of the Montmorenci, by Ebenizer {Sic) Emmons, D. M., 
with one woodcut. {Amer. Mag. and Rep., etc., vol. i, pp. 146- 
150, Albany, November, 1841. Reprinted in The Ameuican (Jkol- 
ooiST, August, 1888, vol. ii, pp. 94-100, Minneapolis.) 
1841. — Utility of Natural History (extract from a lecture delivered in 
the Albany Medical college), by E. Emmons, M. D., Prof. Nat. 
Hist. etc. {Amer. Mag. and Rep. etc.^ vol. i, pp. 163-165; Albany, 
December, 1841). 
1842. — (leological Observations by Ebenizer {Sic) Emmons M. D. 
{Amer. Mag. and Rep. etc., vol. ii, pp. 5-9, Albany, January, 1842). 
Dr. Emmons says: '* In the November number of this magazine I gave 
a brief account of the rocks at the falls of Montmorency.*' In this 
number he gives some additional remarks in relation to those rocks 
more particularly on their lithologlcal characters, their extent and the 
changes in position since their deposition and the period when those 
changes took place, under the sub-head, I. Lithological characters, 
II. Extent. III. Dislocation and changes of position. IV. Period or 
era of those dislocations, with two woodcuts. 

1842. — Geology of New York, Part II, comprising the Survey of the 
Second Geological District, by Ebenezer Emmons, M. D., Professor 
of Natural History in Williams College, pp. 437, fifteen plates, 4to, 
Albany. 
1842. — Topography, Geology, and Mineral resources of the State of New 
York, by E. Emmons {A Gazetteer of the State of Ncio York; Al- 
bany, J. Disturnell, editor, March, 1842, pp. 5-25. Reprinted in 
part by A. W. Vogdes in The American (teolootst, vol. ii, pp. 
352-355, November, 1888, Minneapolis). 
1842. — Resolutions on the subject of Drift, by Prof. Emmons {Repoits 
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o/ Wic Flr«t Second^ aiui Third Meetiivgn of Uw AmiucintUtn nf 
American Qeologists arid Naiuralists, at }ioston, in 1842, p. (U), Bos- 
ton, 1843). 

1843. — Metaniorphic chanf^en by artificial boat, iu Pot^lam sanclstono, 
by Prof. E. Emmons (Amer. Jr. Sci., vol. xlv, p. 140). i 

1843. — Rain-marks in the Potsdam sandstone, by Dr. Emmons {Aiiun-. 
Jr. Sci.y vol. xlv, p. 316). 

1844. — The Taoonic system; based on observations in Now York, Massa- 
chusetts, Maine, Vermont, and Rhode Island : by Ebenezer Em- 
mons, M. D., Professor of Natural History in the Albany Medical 
College. Albany, pp. 68, six plates, 4to. 

184r>. — TJis Ainei*lc(in Qiuirterly Journal of AifrUulture arid Selem'Cy 
conducted by Dr. E. Emmons and A. J. Prime, vol. i, Albany, 1845, 
contains the following geological articles by Emmons: 1. IJeds of 
oyster shells on the Hudson river, pp. 215-219; 2. Phosphate of 
lime and other fertilizers in the older rocks, pp. 219-221. 

1840. — Agriculture of New York, by Ebenezer Emmons, 5 vols, and 
plates, Albany, 1846-1854, 4 to. 

Chapter .V of the first volume, "the Taconic system,'' and Chapter 
VI, "the New York system," contain the best and most important 
classification and description of the strata of the state of New York, 
pp. 45-204. At p. 361 of the first volume is the ** Description of the 
Geological map," which was never distributed with the voluun', be- 
cause the map was concealed until 1887. 

1846. — The Amerlcati Quai-terly Jonrtuil of Ag^riciUture arul Sci^neej 
conducted by Dr. E. Emmons and A. J. Prime, vol. ii. Albany. 
1846, contains: 1. Drift and changes in the position of soils, by E. 
Emmons, pp. 26-33 ; 2. On the supposed Zouglodon cetoides of Prof. 
Owen, by E. Emmons, pp. .5i)-63; 3. Agricultural geology, by E. 
Emmons, pp. 1-15 and pp. 180-198. 

Vol. Ill, conducted by E. Emmons and A. Osborn, Albany, 1846, 
contains : 1. Agricultural geology of Onondaga county, by E. Em- 
mons, pp. 161-192 ; 2. Structure of Granite Mountains, by E. Em- 
mons, pp. 207-210; 3. De=^cription of some of the bones of the Zeu- 
glodon cetoides of Prof. Owen, by E. Emmons, pp.. 223-231, one 
plate. 

Vol. IV, conducted by Dr. E. Emmons, A. Osborn and O. C. (har- 
dener. New York, 1846, contains: 1. Some of the mineral resources 
of New York, by E. Emmons, pp. 27-.50 ; 2. Mineral and agricul- 
ture resources of New Y'ork, pp. 199-202; 3. Remarks on the 
Taconic system, containing in part the discussion upon this subject 
at the meeting of the Association of American Geologists and Nat- 
uralists, September, 1846, pp. 202-209; 4. ConularUi vemeuili n, 
sp. Emmons, 2 figures, p. 330. 

1847. — The American Quarterly Journal of Agriculture and Science, con- 
ducted by Dr. E. Emmons and A. Osborn, vol. v, Albany, 1847, con- 
tains: 1. The limestones and lime, pp. 65-113; 2. No coal in the 
New York rocks, pp. 125-129; 3. Reply to Prof. Adams' remark on 
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the Taconic system in the Association of American (roologists and 
Naturalists, at the Boston's meeting of 1847, by Dr. Emmons, p. 
212 ; 4. Report from Mr. Vanuxem, on the Taconic system to show 
that they are rocks intermediate between the primary rocks and tlie 
Potsdam sandstone ; and Mr. 8. S. Haldeman read a report show- 
ing tliat .Atops trilineatvs and Triarthryji beckli were not identical ; 
p. 213. (The report of Vanuxem was never published, but Qalde. 
man's report was published by Dr. Emmons at pp. 194-195 of vol. 
V, Avier. Quart, Jr. Agriculture and Sc.) 

1848. — On the identity of the Atopg trllineatrva and the Thrkirthrwt 
heckii (Green), with remarks upon the ElUptoceph4ilu8 asaphotdeH^ 
by Professor E. Emmons ( American AHsociatUm Adn)anceinent of 
Science, vol. i, first meeting held at Philadelphia, September, 1848, 
pp. 16-19, Philadelphia, 1849). 

18r>l. — On Aliments, by Professor E. Emmons {American Aftsociation 
Advancement of Science, fifth meeting, held at Cincinnati, May, 
1851, pp. 90-91, Washington City, 1851). 

1851. — Remarks upon unconformability, by Prof. Emmons (American 
Afifioclation Advancement of SciencCy sixth meeting, held at Albany, 
August, 1851, p. 256, Washington City, 1852). 

1851. — Remarks on the origin of stratification, by Dr. Emmons (Amerir 
can AsHociation Advancement of Science, sixth meeting, held at Al- 
bany, August, 1851, p. 299, Washington City, 1852). 

1852. — Report of Professor Emmons, on his geological survey of North 
Carolina. His first Annual Report. Exec^utive Document, No. 13, 
Raleigh, November 22, 1852, pp. 182. 

1855. — American geology, by Ebenezer Emmons, vol. i, Part I, Albany, 
1855, pp. 194 and one plate. 

1856.— Geological Report of the Midland Counties of North Carolina, by 
Ebenezer Emmons, New York and Raleigh, October 1, 18.56; pp. 
352 and 13 plates. 

1857.— American geology, by Ebenezer Emmons, Part VI, Albany, 1857; 
pp. 152 and 12 plates. 

1857. — Fossils of the sandstones and slates of North Carolina, by E. 
Emmons (Amer. Assoc. Adv. Sclefwe, eleventh meeting, held at 
Montreal. August, 1857; pp. 76-80, Cambridge. 1858). 

1858. — American geology, by Ebenezer Emmons, Part II, Albany, 1858, 
pp. 251 and 19 plates. 

Ig5(^^ — The chemical constitution of certain memlM>rs of the Chatham 
series in the valley of Deep river. North Carolina, by Dr. E Em- 
mons ( Amer. Assoc. Adv. Science, twelfth mec^ting, held at Balti- 
more May, 1858; pp. 230-232, Cambridge, 1859). 

lg59.__Manual of (Jeology. by Ebenezer Emmons, pp. 297, New York, 
1859. A second edition, with additional notes at pp. 280-281, was 
issued in 1860. 

1859. — Remarks on the head of Clepsysaurus found in Chatham county. 
North Carolina, by Prof. Emmons {Proceed. Acad. Nat. Sciences, 
if^59, p. 151, Philadelphia). 
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1859. — The Dromatherhim sylvestrc, Emnum.s from tho coal of 
Chatham county f North Carolina ; and remarks on the debitumini- 
zation of coal, by Prof. Emmons ( Proceed, Acad. Nat SrlenrcH, 
1859. p. 162, Philadelphia). 

1860. — Agriculture of North Carolina, Part II ; by Ebonozor Emmons, 
Raloigh, March 1, 1860, pp. 112. 

1860. — North Carolina Geological Survey, Part II, Agriculture, by 
Ebenezer Emmons, State Geologist, Raleigh, May, 1860, pp. 95. 

1872. — Mr. E. Billings has published a letter of Emmons' addressed to 
him, in his paper: '^Remarks on the Taconic controversy,'' p. 13 
[Cantidlan Naturalist, April, 1872). 

1880. — Mr. J. Marcou has published a letter of Emmons addressed to 
him, in his paper: **Sur les colonies dans les roches Taconiquesdes 
bords du lac Champlain," pp. 19-20 ( Bull. Soc. geologUiue Fnnire, 
vol. ix, November, 1880). 

1885. — Mr. J. Marcou has published eight letters of Emmons addressed 
to him, in his paper: "The Taconic system and its position in 
stratigraphic geology,'* pp. 184-191 {Procci'd. Amer. Acad. Ann 
and Sciences^ new series, vol. xii, December, 1884, Cambridge). 

PosT-scRiPTUM. — Although thirty 3^ears have elapsed since Dr. 
Emmons left Albany for North Carolina, never to return alive, 
and it is twenty-seven years since his death, the opiX)sition to his 
discoveries and views has kept the character of disingenuousncss, 
and covert persecution to his adherents shown from the beginnhig, 
forty-five years ago. 

Finding it impossible to deny an}' longer the priority of his dis- 
coveries, the aim of his opponents has taken the round-about way 
of denying the exactness of his observations, the correctness of 
his determinations and descriptions of fossils, as well for the 
primordial rocks and fossils, as for the Trias of North Carolina. 
It is not that the number of his adversaries has increased ; on the 
contrary it has remained stationarj', while the number of adher- 
ents to Emmons' views has increased ten-fold from what thev 
were in 1803, notwithstanding the death of Emmons, Barrande, 
Billings, and Jewett. But the same spirit of lowering the 
national record of American geology, and of throwing dust into 
the eyes of those who cannot see and judge for themselves in the 
field, of the vahie of arguments put forward, has continued to 
this day its unworthy- work. 

The number of original and well trained observers is still t(K> 
limited on this continent, and the ground to cover is too great. 
So it is still relativelv an easv task — although not so easv as it 
was in 184() — to make such combinations of unscrupulous geolo- 
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gists ji8 t<) obstruct ami (lela\' tlie general acceptance of the great 
work of Kinmons. 

After the intervention of Barrande in favor of Dr. Flinmons. all 
his critics were at sea. swimming in ever}" direction to escape 
from tlieir untenable position of the transfer of the primordial 
fauna above the second : but at the same time taking good care 
to ignore all the ob8er\'ation8 of Kmmons and his friends. How- 
ever, all their efforts at classification have continued to be most 
helplessly incorrect ; they have oscillate<l from one error to another, 
and they have done nothing during the last thirty years but to nul- 
lify all the time what they have projx)sed themselves, changing year 
after vear their curious classifications and nomenclatures. All 
their creation of great faults — such as in the rear of the citiuiel 
of Quebec, in front of the citadel, in the bed of the )^t, Lawrence 
river, at Wolfe's cove (called a profound fault), east of forts Nos. 
2 and 1^ ( called an overlapping fault ), at Cape Rouge, St. Foix, 
Quebec city, island of Orleans, Montmorency* Falls, Wjishington 
county, New York ; (Jeorgia, Vermont, etc. ; their creaticm of 
great and continuous synclinal and anticlinal axes; their crea- 
tion of fosiliferous limestone-conglomerate with Calciferous fossils 
in the matrix and Lower Taconic fossils in the pebbles at Pointe 
Levis, which are not at all conglomerates ; their creaticm of 
ecjuivnlcnry and synchronism of strata, such as Pointe L(f*vis, 
Phillipsburgh. Fort Cassin and Shoreham groups identified with 
the normal and typical Calciferous of the geological surve}' of New 
York : the citadel hill of (Quebec identified with the Trenton of 
Montinorencv falls : the Taconic slates of Emmons eastward of 
Albany, composed of 5,000 feet of strata without the true lior- 
raine fauna and containing a supra-primordial fauna, identified 
with the 1,000 feet of the typical Lorraine shales, etc.; all such 
creations and empirical explanations arc mere expedients. Being 
unable to jigree among themselves on anything acceptable without 
suppositions absolutel}' baseless, they are reduced to call to their 
hell) British classificators and British paleeontologists, who ignored 
the primordial fauna and all the true stratigraphial sequence of 
the liower palaeozoic rocks, until Barrande went to their islands, in 
187)0. to iK)int them out. 

But passionate men. as well in geology as in any other human 
pursuit do not see the true character of their position, and it is 
useless to expect a reasonable surrender of mistakes unequalled 
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and unique in the iiistory of geology which class those who made 
them at a very low level as observers. They have enjoyed and 
still enjoy to a certain extent popularity, however mistaken they 
are in their observations and classifications, and the}' do not in- 
tend to resign it. It is reserved to future generations of Ameri- 
can geologists to render justice and honor to the memories of those 
who have suffered during all their lives for progress and truth. 

Cambridge^ Mass. , April, 1S90. 



ON THE CHEYENNE SANDSTONE AND THE NEO- 

COMIAN SHALES OF KANSAS. 

By F. W. Cragin, Topeka, Kansas. 
(Continued from October Number). 

In portions of the Kansas counties of Kiowa, Comanche, 
Clarke, Meade, Ford, Pratt, Barber, Harper, Kingman, McPher- 
son, and Rice, and overlying the Cheyenne sandstone wherever 
the latter occurs, may be seen remnants of a geological stage 
which is of especial interest ; first, .because it is one which was 
discovere<l in Indian Territory, and announced as found there, 
thirty-five j'ears ago, by Prof. Jules Marcou, but which, as an 
American formation, has been ignored by the rank and file of 
American geologists from that day nearly to this ; and again, b© 
causeMts American geography, stratigrapliy, and palaeontology 
are still ver}' imperfectly known. 

This is the Neocomian. It includes, in the southern Kansas 
district, a series of marine shales, with subordinate sandstones, 
shell-conglomerates, and shell breccias, -situated between the base 
of the Dakota and the summit of the Chevenne sandstone. Over 
a large part of this district, owing to erosion of one or both of 
the latter formations, the Neocomian rests upon the Triassicor is 
overlaid directly by the Tertiar}-. Its shales are usually light 
drab or buff in the upper portion, and of a dark slate color in the 
lower. The most conspicuous feature of its outcrop is the hori- 
zon of dark slate-colored shale. The color of this horizon 
has led to much useless prospecting for coal. Lignite, in- 
deed, often occurs in it in seams, fragments, and pockets, but is 
nowhere found of such quality and quantity as to be i)racticall3' 
available as a fuel. 
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Its outcrop in Kansas is mostly linear and very irregular. Be- 
ginning on northern tributaries of the Medicine liodge river in 
the northwestern part of Barber county, it extends up the valley 
of that river to points on the headwaters a few miles north and 
west of Belvidere ; thence to the west, in an irregular southeast- 
erl}^ directed loop, to a point in the be<l of Bluff creek, Clark 
county, a few miles above Vanhem ; and thence southwest to a 
point on Crooked creek, Meade county, near Odee. AVest of 
these points, it passes beneath the upland. It reappears in the 
Public Land between the Cimarron and the North Fork of the 
Canadian in the region where these streams most closely approach 
each other. This and some limited occurrences in the divide l)e- 
tween the Red Fork and the Cimarron, south of A villa, connect 
it with the Canadian and Washita river district in which it was 
first recognized in its true relations in 1853 by Prof, Mareou. 

Of the two divisions into which the American Ncocomian can 
be more or less distinctly separated in Texas, only the older, the 
Fredericksburg of Prof. Hill, is present in Kansas. The actual 
contact of the Dakota series upon the Fredericksburg division is 
well shown near the heads of Bear creek and the Little Sandy, in 
Clark county, and of the Medicine Lodge river and several of its 
branches in Kiowa county ; the latter district locally yielding 
characteristic Dakota leaves in abundance. It is less perfectly 
shown by the contact of remnants of a Dakota ledge entombed in 
Loup Fork calcareous sandstone at the point where the trait from 
Dodge City to Camp Supph- descends from the divide north of 
Ashland. At the Blue Cut hill, S. S. W. of Belvidere, in Kiowa 
count}*, and on many high points in this and neighboring counties, 
boulder-remnants of the Dakota sandstone overlie the Fredericks- 
burg shales and usually bear incrustations which unmistakably indi- 
cate their release from the Loup Fork calcareous sandsU^ne, We 
have thus clear evidence of the former de^xisition of Dakota 
sediments upon those of Fredericksburg age over this region and 
of their subsequent removal from most of it by erosion. At the 
AVest Bear creek locality, in Clark count}' the suj>erimposed Da- 
kota shows a thickness of not less than fifty feet ; on the Middle 
Branch of the Medicine Lodge, it has a thickness of not less than 
seventv. 

The thickness of the Xeocomian series in Kansas is variable, 
but probjihly nowhere exceeds 15(1 feet. This maximum is ap- 
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parently reached in Kiowa county, south of the Medicine river. 
In the high bluffs of Bluff creek, below Vahhem, it measures 
nearly as much. At many localities it ranges between GO and 100 
feet. North and east of the Medicine river it becomes tliinner. 
In portions of Kingman, Harper, Barber, Comanche and Clark 
counties, the Neocomian has been entirely eroded from areas where 
its f onner presence is attested b}' numerous specimens of Gryphcea 
pitclieri and a small Gryphata which is perhaps distinct from the 
latter and fragments of characteristic shell-breccia. North of 
Sharon both of these forms of Gryphcea are included abundantly 
in the Loup Fork conglomerate, together with shell-breccia and 
fragments from the Cheyenne and Triassic sandstones, showing 
the working over of the >Iesozoic rocks by the Tertiary lake 
waters. 

The dip of the Neocomian series, as a whole, like that of the 
Chej'enne Sandstone, is eastward and southward. Individual 
strata are subject to considerable undulation, and ma}' dip for a 
short distance in any direction. 

In Kansas, the Fredericksburg shales rest everywhere upon the 
Cheyenne sandstone or upon the Triassic red-beds, with the possi- 
ble ( but, I think, improbable) exception of one or two localities 
in McPherson and adjoining counties, where the absence of 
Chej'enne sediments from l)eneath a part of the Fredericksburg 
may, at some point, bring the latter directly upon the Permian 
shales and limestone. 

The sections given below will afford an adequate idea of the 
j)revailing (character and local variation of the Neocomian of 
Bouthero Kansas, and of its relations to older and more recent 
formations : 

BELVIDERE SECTION. 
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(This horizon overlaid in neiffhborinff hii^hts with Tertiary 
rongrlomerate.) 
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Litflit olive-brown or yellowish-brown eartliy shale, with nu- 
merous layers of iflossy, purple-re<l Ontrea franklin i breccia^ 
in which lartje sperinieiis of Gryph:ra pitcheri are inibe<l(le<l. 

Same lus No. 1 ( from which it is elsewhere not separable, and 
here not sharply so), but with additional thin layers of brown- 
yellowish calcareous sandstone, which are in part barren, in 
part charsred with valvew of two or three small undetermined 
f«»ecies of bivalve niollusks, ami sometimes with Ostrea 
franklini. 
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Shales Kiuiilar to thuse of Nos. 1 and 2, but becomiuff darker 
below and thus imperceptibly grading into the upper part of 
those of No. 4: intercalated tnrouerhout with bands of hard, 
3r>— 40 J«'t(uaceou8, yellow limestone ; the latter usually charged heav- 
lily with molluHcan-Hhells, amont; which, Cyprimeria cra/ofa, 
>t'ardium kanMsettw, Ontren franklin i, Tumtella marnorhiU 
var. belriflerei, and an Auchura allied to A. ruida are tlie most 
abundant. _ 

Dark, slate-t'olored, carbonaceous shale, weatherini? into 
srale-like rhips^ with occasional yellow and brown streaks, often 
impregnated with sulphuric acid and charfired with beautiful 
nuiiate and rhoniboidal selenite crystals, with occasional bands 
of dark, arena<>eous limestone (sometimes compact sandstone ) 
4>ontaining fo.ssils apparently identical with some m No. :\ and 
t hin bands of lignite. 

A gray shell -conglomerate composed mr«tly of molluscan— in 
part, of other invertebrate— fossils of many species. Oryphma 
vars.. Eirogvra flaheUaia, Triuonin emoryi, Jnonearca rulgarin^ 
Cardiuin helridtTfi, Cvpi'iineria gradata, Turriivlla marnochii, 
AnnmniiteK ncutiKuri natUH, A. pedfrnalix, and a iSerptda, Uko 
>'. intrica, are some of the more abundant forms. 

The Clieyenne sandstone.— Obliquely laminated, mostly inco- 
lien'iit sandstone, commonly grey, or grey and yellow, but often 
g<»rg«'ously dec<u-ated with crimson, purple, scarlet, orange, 
vellow. browi» an<l other colors. Scmietimes impregnated with 
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sulphur ( chiefly in the upper part), wliich often incrusts its ex- 
posures with a yellow ** idossom." It contains fn 
Ininds of lignite, and siliciiied cycads and conifers. 
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Fine. soft, brick-red sandstone, marlstone, and shale, forming 
lure the summit of the pre-Cretaceous *' red-beds," and of sup- 
posed Triassic ag<\ 



Besides the more eharacteristic species above noted, the follow- 
ing: are the forms thus far found in No. 3 of the Beividere Section : 
Grijphin pitcluri* Mort, same, \ar. forniculata White, Neifhea 
quiutjnvrustfUfi Shy., (?) Ph'ratula urenaria Mk. , Jnoceramus sp. , 
Ijimi)j)si.ssi)., { ?) Xucuhi sp. , Rtmomdia ferrissii Cragin. Tn'fjonm 
rmortfi {)on,, Cnrdium sp. (quite distinct from the abundant (\ 
ktrnsfiscnse (Mk, ,) Ct/prina ovata M. & H. , Pholadomt/a (/) 
elrifans, (?) J/r/cf m sp. , (?) Globiconcha elevnta Shum. , Nvri- 
tina sp. , Tarritella miwcochil Wiiite (typical), Ammonites acitfo- 
i-aniiftfus, and a number of forms of undetermined genera. 

Similarly in No. 5, occur the following forms, in addition to 

those above given : Ostrea diluviana L. , Anomia telUnoides Mort. , 

-.1. iirgi'utaria Mort., Neithea quinquecostata Sb}'. , Pinna sp. , 

(rf'rvilfefi sp. (allied to G. ancpps Desh. ), Modiola hurlingfonensis 

Whitf. , Limnpsis sp. , Idonearca (?) tipjniun Con., Cardium 

*()f this species two specimens before me diflfer in no respect, save in 
their more triangular outline, from the analogous G. (mdoniof the Euro- 
pean Neocomian. 
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hUlanum Sl>y. , (?) GonJdia* sp. , Pholadomifd sanctft-s(th<r Roem., 
LiopUthn protaxtn Con., Ilomomyn alta Roem., Sculnria sp. , ( ?) 
XiVAo/ror/MM sp. , and several other genera not yet satisfactorily 
-determined. No. 5 has also 3'ielded a specimen of coral of the 
famil}' Aftfru'idfr, and several casts of large sigmoid burrows 
<lenzitoid in cross-section ), supposed to be those of a Nereid 
worm. 

The Card htm designated in No. 5 as (\ hclvidvrei is allied 
ifide Marcou ) to the Neocomian C. rovnuvliauitm J)'Orb. 

«LUE CUT MOUND SECTIOX. 



' AlM'KOX. ' 

No. Tmu-knkss Dkxcriptiox. 



IN KKKT 



Top 



On and alKUit the summit of the momul are scattered a few 
. fraKinents of L«mp Fork ('aleareous .sandstone and numerous 

*" , bouUlers ( the hin^est 6—8 ft. lonyr) of dark-brown Dakpta sand- 

liill. stone. ' 



Upper part with boulders of Dakota sandstone: h>wer part 
20 with debris of brown-and-i)urph'-lmmled. often lioUow, concre- 
tions of clay-ironstone, ji.ssociate<l with yellow clay-shale. No 
fossils detected. 

(Treenish-yellow clay-shale with plates of light, yellowi.sh- 

br«»wn t<) ru.st-c<dored sandstone having clay-in mstone concre- 

20 . non-rou»fhen<*d faces; both rlay and stone containing very larijo 

fi'nwhfra pffrheri. (JstvcfifraukUni also api)ear.'> sparing-ly in 

tlie lower part. 



3 
h 



2."» 



Olive-t?rey or olive-brown to yellow or buff earthy clay-shaleH 
with numerous thin strata of (Jstrat frunklini breccia, contain- 
injf s<mie mostly rather large sj)ecimeTis of firf/phwa pitckeri. 
(Supposed equivalent of No. 1 of the Belvidere Se('ti<»n.) 



Forming ui»per third of the east face <»f the *' Blue Cut." 
10— lo Similar to No. 3 litholotfically, but graduatinif below into the 
dark shale of N<i. r». 



5 



I>)wer two-thirds «)f east face of *' Blue Cut." Dark slate- 
<'olore<l(n' bluish-black shales with baiulsof shell-conglomerate, 
the shale containing, in the low«*r part most abundantly: 
('l/prhneria cr(fitita» Turritella marnorhii, xar., belvidt-i'd, (Jar- 
(liHtn, frdfutaseiise, Li'pfosolen heir idcn'i. Ammonites belruh'rri, 
— ' •"' Ammonites acuto-fnnnatmf, Exouyra Habeilato, Gryphaui 
pitt'firt'i. and Ontred fraiiklini.—t\n* latter, with some Gr. 
ji»7''A/'W and an ocoa.sional Eyoy.flnbeUata, making up several 
stouy layers of shell-conglomerate three to ten inches in thick- 
ness. 



Most chanicteristic of No. 5 are several small forms of 
Gryph^Kii ranging from an inch to an inch and a half in hight. 
One of the commonest of these, save for the characteristic sulcus 
seen on the posterior slope, bears striking resemblance t*) the 
Jurassic G. (irniata (tHruntt). This feature, however. l)elongs 
especially to G. pitvluri Such a combination of characters in 
one variet}' perhaps points to the origin of the latter species from 

•The interior features of this vory common shell are obscurod in tbo 
specimons thus far collected. Prof. Marcou thinks it an AMarie. 
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a small «j:rvpha?an, the American analogue of the former. An- 
other prominent variet}' has the beak much less produced and the 
umbonal slope radiately grooved or striated. 

Xo. 5 yields also a species of Pol^'zoan and vertebne of a 
plesiosaurid. 

The Gryph^ea of the lower part of No. 2 of this section are of 
remarkable size, ranging from three to four inches in hight, and, 
at a locality nearl}' a mile east of the Blue Cut, equally large ones 
occur at the same horizon. One of the latter reaches a hight of 
four and three-eighths inches ; it is of the typical triangular form. 

Nos. 4 and 6 of the Belvidere section, followed up the Medi- 
cine Lodge river and Otter creek, can be traced to within alM^ut a 
furlong of the Blue Cut,* where they pass beneath the level of 
the Otter creek valley, the horizon of the sandstone probably pass- 
ing under the Blue Cut at a depth of between thirty and forty 
feet below the floor of the cut. 

On the north slope of a ravine which skirts the Blue Cut mound, 
and but a few rods distant from the latter, occur, in yellow shales, 
laminae of yellowish grey sandstone, or arenaceous limestone, con- 
taining numerous small, i-ostrate, entire-margined bivalves of un- 
determined genus, with occasional specimens of Cardnim hm- 
snsense^ Ci/primeria crassa, and a rather large species of In ow ra- 
mus. Of these forms, the first characterizes No. 2 ; the three 
latter, No. 3 of the Belvidere Section. In its litholog}' and in the 
state of preservation of its fossils, this horizon resembles No. 2 
of the Belvidere ii^ection. It probabl}' represents a passage-hori- 
zon between Nos. 3 and 2 of the Belvidere Section. It has not 
been detected in the Blue Cut Mound section proper, where, if 
present, it is probably- to be found in No. 4, the fossils of whicb 
are still unexamined. 

The above-mentioned contact of the Dakota upon the Neocom- 
ian is shown in the following section of the bluffs near the head 
of West Bear creek in Clark county : 

♦The ** lihie Cut" is on the line of the C. K. & W. Railway, a few 
miles S. S. W. of IJolvidere. The Belvidere Section includes a ravine 
and a liill at the tiip of tlie same, half a mile to a mile nearly duo south 
of Helvidere, 
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UPPER WEST HEAR CREEK SECTION. 



I Appkox. I 
No. ' Thukness Description. 



IN PERT. 



I 



i I I Loup Fork Tertiary calcareoiLS contclomerate. 



40 Dark brown to yellowish Dakota saiulstoue. containing 

L I meagre fragments of dicotyledonous leaves. 

Grayish wliite clay.interstratified with liorizontaland oblique 
i beds of soft yellowish brown sandstone, varying to arenaceous 

I clay more or less abundantly charged with clay-ironstone con- 

3, 20—30 ioietions, the latter locally so abundant that nearly the entire 
;thickness of the liorizon becomes one compact and massive 
ledge of clay-ironstone concretions. Fragments of G.pitcheri 
in the basal portion, w^hich is, in fact, a transition to No. 4, are 
the only traces of fossils. 

I Blue and yellowish g'ray or brownish shale ( the upper 20 or 

30 feet usually yellowish or olive gray and the lower part blue, 
but the blue color often prevailing nearly or quite to the upper 

4 limit), with selenite crystals and thin plates of arenaceous 

7n— on slialy liniestone in which (chiefly in the upper part of the 
'^ ^* series^ occur Oryphma pitcher i, Gryphma venicmaris L4im., 
' Trigonia emoi'yi, Ostrea franklini, PhMadomya aancta-nabm^ 

, Cardium hillanum, C. kansasemte Idonenrca vulgaris, and 

s\yec\eH of Anomin, Inoce.rami(8, Cyprimeria, etc,, too obscure 
I I for specific identification. 



J have not been able to separate No. 4 of this section into dis- 
tinct palaeontologic horizons. Here, as elsewhere, the lowest and 
darkest portion of the dark horizon is void of fossils or uearl}' so. 

The prevailing pattern of the Grypluea pitcheri of this locality 
is different from that of the Belvidere and Blue Cut mound dis- 
tricts. In that of the latter localities the tendency in the 
outline of the larger number of specimens is toward an isosceles 
triangle ; in that of the Bear creek specimens what may be called 
the ^* bowl" of the valve tends to a circular outline, from which 
the umbonal region is prominently produced. Specimens some- 
what approaching this type occur also on the upper part of 
Thompson creek in Kiowa county. Of Grifphtcd vesiruhiris^ I 
have collected one typical specimen only. This specimen, from 
near the top of No. 4 of the AVest Bear creek section, seems 
specifically identical with that figured by Prof. Whitfield in 
Monograph IX of the U. S. Oeological Survey ( PI. IV, Fig. 1 ), 
and still more closely agrees with the form illustrated in Fig. 1, 
Plate IV of Marcou's Geology of North America under the name 
Gryphcea dilatata^ var. tucumcarii Certain forms of -\Gryphcua 
occurring on Bear creek lead me to suspect that it would be possi- 
ble to collect a series of forms connecting 2>?7r/<<;/-t with vesicalaris. 
The Ostrea franklini of this locality is chiefly^of a large and 
thick variety, offering marked contrast to the thin and fragile 
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form that prevails in Kiowa county. The Bear creek hiovc ramus 
is iden.tical with that seen at Belvidere, and near tlie Blue Cut. 
The absence of Turritella here ( complete, so fai* as yet observed ) 
is noticeable. 

On Bluff creek, also in Clark county, * we again find the Neo- 
comian well developed. Passing down the valley, we first meet 
with it in the bed of the creek not far below the old ( Peter Hend- 
ereon ) crossing of the Camp Supply trail. It is here overlaid 
with Tertiary' ; but at the Thomas ranch, three miles further up 
the creek, occurs a limited outcrop of soft, gray to yellow and 
red sandstone, which is probably a ledge of the Dakota. The 
outcrop Wow the Camp SuppI}' trail is largel}' blanketed by the 
sand and gravel of the channel. It consists of slabs of blue 
laminated sandstone, associated with blue and yellow clay mud 
( the latter evidently water-soaked shale ) and containing obscure 
fossils, among which I have recognized Gryphexi pitcher i, Tri- 
gonia emoryi. Idone.arca vulgaris^ CarJium hilhinuin, and obscure 
forms supposed to be Cardium kansasense, Cyprhncria, Mactra, 
a radiately ribbed Ostrea^ and a large areolated Polyzoan. Im- 
mediately below Vanhem occurs a ledge of shell-breccia of Ostrm 
frankliniy Gr. pitchf'n\ etc. 

Half a mile lower down the creek occurs a forty or fifty foot 
bluff of Neocomian shale ( of the usual olive-gray to yellowish 
color in the upper part ), with arenaceous laminte in some of which 
Ostrea franklini so abounds as to form a breccia, while others, 
less crowded with fossils, contain this form tc^ether with Gr, 
pitvh^'ri, Tr. emoryi, Card, hillanum^ i^yprimeria, etc. Other 
lamina; consist of cone-in-cone having curious, circular, shallow, 
funnel-shaped depressions, concentrically ribbed with reversed im- 
brications. The funnels commonly vary from an inch to four or 
five inches across, and are, perhaps, a fourth as deep ; some have 
raised borders of uniform width and are of remarkable symmetr5\ 
Cone-in-cone is, in general, a common structure in the shales of 
the Kansas Neocomian. 

Some three miles below Vanhem the bluffs form a large amphi- 
theatre, the east bluff rising 200 feet al)ove the creek-bed with 

♦For Important facilities afforded me by Henry Fares, Esq,, of Fares' 
Ranch, in aid of my geological reconnaissance of Clark county, I would 
here make grateful a(rknowle<lgm(mt. 
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great abruptness, and offering, at the southern end, the following 
section : 

BLUFF CREEK SECTION. 



Ai'PKox. 



No. I Thicknkss Description. 

IN KKKT. 



1 

2 



Lake Marl .h1op«. 



50 



Loup Fork calcareous concretionary fprit, with remains of 
ManiodonfApheloim, Hipparion, etc. ' 

Neocouiian shal&s. litrlit olive brown to yellowisli (rray in the 

3 upper third of itN thickness (which is also more or less arena- 

' 40 oeous), l)ecomin8r ffrnilually bluish or dark slate-colored below. 
Fossils mostly of tlie commoner Neocomian sorts— not separated 
into faunal horizons. 



4 a -to ! 'foiled grayish brown sandstone, of soft earthy textnre,witli 
^' ^^ slitfht admixture of dark earth or shale. No fossils observed. 

5 



75-00 



Dark (olive-brown to blue-black) Neocomian sliales. nearlv 
barren of recocniizable f(Kssils, and based on the Triassic KotU 
Ibeds. 



A portion of No. 4 of the Bluff Creek section, at the lower end 
of the '^ amphitheatre,*' is cut off from the main stratum and 
stands as a rapidly- wasting pinnacle. This, and certain features 
of the outcrop of the stratum in the bluff itself, remind one of the 
Cheyenne Sandstone, and the occurrence of such a stratum so far 
above the base Of the series indicates a partial return to the 
physico-geographic conditions under which the Che^-enne sand- 
stone was formed. 

At a point a few miles lielow the ^* amphitheatre *' on Bluff 
creek, and about a mile above the entrance of Hac'kberry creek, 
the base of the Cretaceous is marked by a shell-bed which has 
close lithologicai resemblance to No. 5 of the Belvidere section, 
but is more or less colored by material incorporated from the Red- 
beds. The prevailing fossils in this shell-bed are Trignnia vmoryi 
and Ostrea diluviana, the stratum being a breccia chief!}' of the 
former shell, with an arenaceous matrix, and occasional specimens 
of Exogyra Jlnhellata^ Id67iearva vulgaris, etc. Fifty to seven- 
ty-five feet above this shell-bed and separated from it by a 
slope, there outcroijs a second arenaceous gi-a}' shell -rock, 
in which the fossils are very obscure, but whose litho- 
logic resemblance to Belvidere 5 is perfect, and which yields 
the lai^ sigmoid worm-burrow of the latter. Its horizon 
is apparently close to that of the unfossiliferous stratum 
of earthy sandstone seen in the Bluff creek ''amphitheatre " (No. 
4 of section). 



J 
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The occurrence here of two strata lithologieally and palieontol- 
ogically like Belvidere 5, one basal, the other median in the series, 
and the association of the latter with a sandstone not unlike the 
Cheyenne, gives some color to the supposition that whatever be 
its palaiontologic relation to the upper Jurassic, the Cheyenne 
sandstone should at least be considered stratigrapMcally a mem- 
ber of the lower Cretaceous. Indeed, at the point of disappear- 
ance of the Che^'enne stratum near the Blue Cut, may be seen in- 
dications of a change in tlie character of the stratum, as if it 
were a premonition of a giving place of the sandstone to shale, 
by which latter the sandstone is at other places more or less in- 
vaded. 

Of the county of Comanche, the Neocomian series is best de- 
veloped in the northeastern part, where it resembles that of the 
adjoining part of Kiowa county, lx)th lithologieally and in the 
abundance of Cyprimeria crassa, Turritella, and associate fossils 
of the Belvidere Section. The horizon of the small GrypJuea 
<3ombining features of G. pitcheri with those of G. arcuata ( No. 5 
Belvidere Section), also appears here between the Cheyenne 
sandstone and the black shale ; but the fossils are often poorly 
preserved,, by reason of the excess of sulphur, iron, and gypsum. 
The black hill south of Avilla, which I have crossed, I have never 
found time to examine ; but I have casually observed GrypJuea 
pitcheri^ Ostrea frank! ini, Cyprimerta crassa, etc., as aAdong its 
fossils. The wide separation of this hill from other outcrops, and 
the numerous loose specimens of GrypJuea scattered about to the 
west and to the northeast of Avilla, taken in connection with the 
outcrops on Elk and Mule creeks, testify to the former existence 
of the Neocomian series over the entire county, and to its subse- 
quent extensive erosion. 

Loose GrypJuea and Exogyra also occur in the western parts of 
Harper and Kingman counties. 

It was, till recently, supposed that the Neocomian formation did 
not occur north of, nor indeed quite to, the Arkansas river. In 
my *' (reological Notes on the Region South of the Great Bend 
of the Arkansas," {Bui. 9. p. 37, Feb. 1889) I announced the 
discovery of a supposed Comanche outcrop on the west line of 
McPherson county. This locality has been insufficiently exam- 
ined, but is characterized by yellow to blue-gray shales with layers 
of Ostrea franklini breccia and other stony layers in which Car- 



Explorations in Alaska. 33 

dtuni kansasense 'occurs, together with Turritella marnochn^ var. 
helviderei^ and a species of Nerttina ( apparently identical with 
that from Belvidere ), and one of Dentalium. With others of 
the normal form, occur frequent specimens of the Turritella^ in 
which the apical region is remarkably produced and attenuated. 
Bands of red and yellow ochre occur here. One or two similar 
outcrops occur in the east part of Rice county. 

I have used the older name, *' Neocomian," in preference to the 
later one, <' Comanche, " throughout in this article because, as it 
seems to me, there is no member of the American Cretaceous 
which is so cl^nfly referable to a European chronologic equivalent 
as the series of shales here passed in review. The name *■ * Chey- 
enne sandstone, " herein applied to Belvidere 6, is used merely as 
a temporary convenience. It is quite likely to become, when the 
palseontologic and stratigraphic relations of No. 6 are better 
known, a synonym of '* Trinity Sandstone, " as the latter will 
perhaps become ** Potomac" and that, at length, *'Wealden" 
or '*Purbeck." 



/ 



EXPLORATIONS IN ALASKA. 

[Tlie scientific expedition sent out last spring:, under the joint auspices of the 
National Qeoerraphic Society and the United States Geological Survey, for the 
purpose of explorinsr the recrion about Mount St. Elias, Alaska, has returned. Mr. 
Russell, who oreranized the expedition and had charge of the work, is now in 
Washington. The party consisted of Israel C. Russell, greoloerist; Mark B. Kerr, 
topographer, both members of the Geological Survey; £. F. Hosmer, general as- 
sistant, and seven camp hands, hired at Seattle, Wash., of whom J. H. Christie 
was foreman. Owing to uncertain health Mr. Hosmer returned home from the 
first camp.] 

All arrangements for camping in an unknown country were 

completed at Seattle early in June, and on the 17th the expedition 
sailed for Sitka on the steamer Queen, one of the excursion boats 
plying regularly between Puget sound and South-Alaska. The 
voyage to Sitka furnished an opportunity for seeing the fine gla- 
ciers of Taku inlet and Glacier bay, thus serving as an introduc- 
tion to the still more wonderful icefields about mount St. Elias. 
On arriving at Sitka the members of the expedition were trans- 
ferred at once to the U. S. S. Pinta, under the command of Capt. 
Farenholt, who had previously received instructions from the Sec- 
retary of the Navy to take them to Yakutat ba3\ 

The Pinta reached the mouth of Yakutat bay on June 25. The 

3 
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bay is a broad, deep inlet extending more than thirty miles inland, 
and it was the plan of the expedition to begin work near its head 
on the west shore. The weather being thick, Capt. Farenholt did 
not think it advisable to take the vessel up the bay, and the voy- 
2ige had to be made by means of boats and canoes in a driving 
rain stonn. The actual base of operations was reached on June 
28, and the studying of the geologj' and geography of the region 
began at once. 

*' When the storm passed away," says Mr. Bussell, *' we found 
ourselves on a wild shore, encumbered by icebergs and at the im- 
mediate base of a majestic mountain range, trending southeast and 
northwest. Along the southern base of the mountains there is a 
plateau some thirty miles broad, divided by the waters of Yaku- 
tat bay. Our task was to explore and map the country from the 
bay to vSt. Elias, and as far beyond as practicable. Excursions 
were begun at once to the neighboring mountains and glaciers, 
and up Yakutat bay as far as the floating ice would allow a 
canoe to travel. 

* ' One of these excursions took us to an island at the head of 
the bay, which we named Grand View island. From its summit, 
which rises boldly a thousand feet above the water, a magnificent 
view was obtained of a vast stretch of snow-clad mountains, from 
which glaciers of great magnitude descended to the sea, and 
ended in cliffs of ice several liundred feet high. From these the 
icebergs crowding the bay were derived. One of these glaciers we 
named Balton, the pioneer explorer of the region ; another of 
larger size at the head of the bay was named Gardner Hubbard, 
from the president of the National Geographic Society. A mag- 
nificent mountain peak rising some 10,000 feet immediately above 
the Hubbard glacier received the same name. Another towering 
peak on the same mountain crest, triangular in shape, and always 
of purest white, was named mount Seattle, in acknowledgement 
of the faithful services of our camp hands, whose homes are 
mostly in the « Queen City of the Sound. ' 

** While glacial and geological studies were being pushed for- 
ward, Mr. Kerr measured a base line with considerable accuracy, 
and began a map of the region. From the ends of the base-line 
sights were taken to several peaks and hill-tops near at hand, the 
angles between the lines of sight and the base-line affording data 
for the determining of other distances. By means of angles of 



Explorations in Alasla, 35 

elevation, their bights could also be calculated. The stations 
whose position and elevation bad thus been determined were made 
the extremities of new base-lines, from which sights to all the 
mountains in the region could be made, and the bights of the 
highest peaks accurately determined. 

- ' In addition to the ' dip angles, ' the bights of the stations oc- 
cupied were determined by means of a mercurial barometer. 
To aid in this work a < base barometer ' was read three times a 
day dniing July and August by Rev. Carl J. Hendrickson, who 
had chained of a mission at Yakutat. From this beginning the 
work of mapping the country was carried forward until the peaks 
to be seen from our line of march were located and their bights 
determined. Sketches and photographs were taken from many 
points of view ; these, together with the triangulation, will fur- 
nish material for an accurate map of the region visited. The 
map will embrace upwards of a thousand square miles. 

* * As soon as topographic work was well under way a line of 
march towards St Elias was decided upon. All of our rations, 
bedding, tents, etc., had to be carried, or * packed,' by the men, 
the character of the country not allowing the use of animals. At 
first the trips from camp to camp had to be repeated several times. 
Profiting by experience we abandoned everything that was not 
essential, and as our work progressed we found that many things 
deemed indispensable at first could be left behind. Our line of 
march was toward the northwest, with the triangular summit of 
St Elias as our guide. Fortune favored us in many ways. We 
found passes in the mountains leading in the direction we wished 
to travel and no insurmountable diflSculties in the way, although 
great patience and judgment were required in treading the net- 
work of crevasses in the ice fields. Probably more than nine- 
tenths of our journey was across glaciers and snow fields. 

< * On the first of August we were midway between Yakutat bay 
and St. Elias, but still at the base of the mountains. Our camp 
was in the last and highest grove of trees that it was practicable 
to reach. The timber line is there about 1,500 feet high, and all 
trees disappear a few miles to the west An island of rock, sur- 
rounded by vast glaciers, but clothed with beautiful fiowers, rank 
ferns, and dense spruce trees, furnished a delightful spot for our 
base camp. We named this lovely oasis in the desert of ice 
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* Blossom island. ' From there our work in the high mountains 
began. 

* * On following up Marvin glacier, which flows to the west of 
Blossom island, for about fifteen miles we reached an elevation 
of 4, 000 feet and found an easy pass, although filled with glacial 
ice, leading westward across what, from a distance, seemed an 
impassable mountain range. We named this < Pinnacle pass ' on 
account of the tapering spires overlooking it. West of Pinnacle 
pass we descended to a glacier that has its source far to the north 
of mount Cook, and separates that mountain from the St £lias> 
range. On crossing this glacier and approaching the mountsun 
wall which rises to the west of it, we again found a pass leading 
toward St Elias that afforded an easy passage to the Conrad 
glacier, one branch of which rises on the northern slope of the 
great mountain. Following up this branch we at last, after twenty 
days' hard work above the snow line, found ourself encamped at 
the base of St Elias. The weather had been clear for ten days 
and we had every prospect of a good day's climb on the morrow. 

<< Rising at 3 o'clock in the morning, we began what we be> 
lieved to be the final ascent, but, after a few hours, storm clouds 
settled down around us, snow began to fall, and all landmarks 
were lost to view. The storm continued for thirty hours without 
cessation, and it was with difiSculty that we found our way through 
the blinding snow to a lower camp where the necessary rations 
were to be had. A second attempt was made to reach the summit 
two days later, but another snow storm broke over the mountains 
as suddenly as the first This time I was alone in the highest 
camp, where I was imprisoned for six da3's before being able to re- 
join my party below, while Mr. Kerr was similarly isolated at the 
first camp lower down. When I started down there was six feet 
of new snow which refused to harden, and rendered it impossible 
to do more work among the high peaks. 

* * On descending to a lower level I started on an excursion up 
the glacier between St Elias range and mount Cook, which gave 
promise of leading to a low pass across the main range, but a 
third snow storm coming on I was obliged to return to Blossom 
island, and there rejoined Mr. Kerr, who had descended a few 
days previous. My stay above the snow line lasted thirty-five 
days. During that time we lived in tents, many times camping 
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on the open glacier so as to be out of the reach of avalanches. 
All our cooking was done by means of small coal oil stoves. 

* ^ After returning to Blossom island, an excursion was made far 
out on the great Piedmont glacier, which forms a plateau about 
1,500 feet high, stretching along the southern base of the St 
Eli as range. This glacier is of the continental type in distinction 
from the Alpine glaciers, and has an area by estimate of about 
1,000 square miles. It is the lai^est glacier known in the North- 
em hemisphere, with the exception of the icefields of Greenland. 

*'We returned to Yakutat bay about the 20th of September, 
having had stormy weather almost all the time since leaving the 
vicinity of St. Elias. On the 22d of September our hearts were 
gladdened by seeing the Corwin steaming up the bay. Capt 
€. L. Hooper, commander of the Corwin, acting on his own judg- 
ment, and knowing that we would have a hard time if left at 
Yakutat until winter set in, made the cruise from Sitka especially 
for our relief, and conveyed the expedition to Port Townsend, 
where we arrived on October 2. 

' * From the point of view of the scientist, if not the Alpinist, 
our expedition was a success. The plan proposed before starting 
was carried out almost to the letter so far as the study of glaciers, 
geology, and topography was concerned, but we did not reach the 
top of mount St Elias. The measurements made have deter- 
mined that all the mountains in this region are lower than was 
previously supposed, and that St. Elias, instead of being the 
highest point in North America, is in reality a second-rate moun- 
tain. Its elevation, instead of being 19,500 feet, as previously 
considered, is about 15,000. Mount Cook has an elevation of 
12,000, and Vancouver 9,400. Many other peaks in the same 
region are as elevated as Cook and Vancouver, but St Elias is 
higher than any of its immediate neighbors. St Elias is not 
an ancient volcano, as its form might suggest and has been re- 
ported by sea captains, who state that they have seen it in erup- 
tion, but is formed of sedimentsiry rocks. The great pyramid 
is really the end of a roof-like ridge in which the rocks dip 
northeast. Its form is typical of a large number of lesser moun- 
tains in the same region. 

' • The more important glaciers and mountains in the region 
explored were named principally in remembrance of distinguished 
American geologists who are no longer living. One grand moun- 
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tain, some thirty miles northeast of St. Eliajs, and apparently only . 
second to it in hight, was named in honor of Sir William Logan, 
formerly director of the geological surve}' of Canada. Several 
lofty spires, to the east of Mt Logan, were named after the 
vessels of the Navy and the Revenue Marine that have become cel- 
ebrated for their voyages in Behring sea and the. Arctic ocean. 

^*The results of the expedition will be presented to the National 
Geographic Society, and, as soon after as practicable, will be 
published by the society in the National GeograpJnc Magazine,'* 



PRELIMINARY NOTES ON THE GEOLOGY OF 

CENTRAL NEBRASKA. 

Fbancis W. Russell, Lincoln. 

It was the writer's pleasure in 1888, to make a trip to the head 
waters of the Middle and North Loup rivers in Nebraska. Much 
of the country adjacent to these rivers being geological terra in- 
cognita, it was with no little feeling of animation that the investi- 
gation was begun. Previous, careful explorations along these 
streams had distinctly located the ' * Loup Fork beds, " but it seems 
that study has not been directed to any later formations that 
might possibly exist. 

The researches of Cope, Marsh and Leidy have shown that the 
Tertiary lakes in Nebraska were frequented by great herds of 
mammals, that gave a truly oriental aspect to the i^egion. The 
existence of Miocene or Pliocene strata along these streams is a 
well established fact. Let us consider what may be the age of 
certain later beds as they are found in Sherman county, Nebraska. 
The solution of the problem in this county will serve as a key for 
the entire state. 

The beds here lie along the Middle Loup river. In the first 
place a gn»at similarity of appearance will be noted. Over a 
large area there is great homogeneity in composition. By virtue of 
the marked resemblance in appearance these beds might appropri- 
ately be called Loessian or Loess-like. At sight one can hardly 
distinguish between them and the typical Loess of eastern Nebraska. 
Chemical analysis, however, beaker elutriation and 'the use of the 
microscope reveal some important differences. 

The deposit itself is huffish varying to drabbish. Occasionally 
there will be a small area having a yellowish cast. The appear- 
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ance of the hills is another criterion for distinguishing these beds. 
The bluffs are more angular than where there is a preponderance 
of sand. The contours are more pronounced and greater. Verti- 
cal and steep scarps will be found. This is not true of sand hills, 
excepting in a << blow-out" near their summits. This Loess-like 
soil is rich. Its vegetation is characterized by an absence of 
cacti, prickly pears, and soap weeds. The grass is even and not 
in bunches. The valleys are not closed, i e., not valleys of wind 
erosion. Sometimes, and indeed not infre(]uently, the sides of 
the hills are precipitous and not clothed with grass. Thejsame 
cannot be said of sand hills although the vegetation upon the 
latter may be very scanty. No one, I think, will experience any 
difficulty in recognizing the formation. 

The individual particles, entering into the composition of the 
beds under discussion, are quite uniform in size. This uniformity 
is pronounced in material taken from different localities. In 
general the particles are larger than those given by Messrs. 
Chamberlin and Salisbur}^ in their report upon the Loess. In 
an examination of some 28,000 particles, I find the following 
results: Less than .014""", 24,000. Between .014 and .028™", 
about 4,000. A very few were over .028"*"*. In the sixth an- 
nual report U. S. Geol. Survey at page 270, Messra. Chamberlin 
and Salisbury give for Loess, of 150,000 particles, 97 j^ per cent, 
under .005'""'. It will be seen from the foregoing that the parti- 
cles from central Nebraska range perceptibly higher in size. 

In connection with this microscopic examination, the fact was 
noted that much of the material was water worn. The grains 
were rounded and smoothed. That much had been removed by 
attrition was evident. This fact registers another difference be- 
tween this formation and the Loess. 

The chief element entering into the composition is (quartz. 
There are also present hornblende, biotite, mica, glauconite, 
orthoclase, and many grains stained with peroxide of iron. In 
addition to these from some horizons volcanic dust is found. 
When the last named element is present it is always in sharp 
angular fragments. It is also isotropic and no ditticuity will l»c 
encountered in its detection. • Excepting this volcanic dust one 
would be impressed by the regularity with which the other min- 
erals are found, even fi*om widely separated localities. 

This formation is rich in calcium-carbonate; not onlv is the car- 
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bonate found in nodules, but it is desseminated throughout the 
mass. A quantity of the soil, freed from any nodules that might 
be therein, treated with hydrochloric acid shows the characteristic 
effervescence. A little barium hydrate makes one sure that the 
gas is COj. The frequently occurring calcium nodules are gener- 
ally oval, but are sometimes lenticular in shape. As in the Loess 
many of these nodules seem to have been formed by the decay 
of bulb-like roots ; calcium-carbonate replacing the matter of 
the root. Indeed, not uncommonly may we observe a specimen 
in which there has not been complete change. In such an instance 
part of the nodule will plainly be calcium-carbonate while the 
other part still retains its fibrous character. 

Calcium-carbonate may be seen in threads or filaments pene- 
trating the ground. Generally these threads are nearly vertical. 
It would seem that to this phenomenon the vertical cleavage of 
these beds may be ascribed. At least this is one factor that must 
be taken into consideration. A cliff once perpendicular manifests 
a tendency to retain its shape. These perpendicular, or approxi- 
mately perpendicular, lime filaments seem to be the result of two 
<'auses. First the solubility in water of the carbonate of lime. 
Jiy water it was distributed throughout the soil following the 
capillary tubes. The passage of the calcareous waters in these 
tubes would result in an approximately vertical deposition. This 
accounts partially for the roughness so often seen in the filaments 
themselves. In the second place the decay of rootlets and their 
replacement by lime may be the cause of the filaments that pene- 
trate the soil in a more nearly horizontal direction. These fila- 
ments determine cleavage much as mica does schistosity. 

The fossils of this formation show a striking similarity to those 
of the Loess. Indeed, a group of t3^pical Loess fossils placed 
side b}' side with those from the upper beds of the Loup river 
region, would be distinguished from them with difficulty. The 
species are identical. The characteristic creamy appearance of 
bona fide Loess fossils is present. The most common forms are : 
Succ'uif'a avora ; S. linpata : S. verriUi ; Zotu'tes limatitlus ; 
Helix sfi'{f I fella ; Pujxi bland i ; Vallonia pidchella : Ifelicodisrus 
Jineat.un; Ifelicina occulta ; Carychiam exigaum. From these it 
will bo seen that it is impossible to draw a sharp line of demarka- 
tion between the formation under discussion and typical Loess, on 
fi basis of paleontological evidence. 
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On tho Burlington and MiBsouri railroad in a cut some six miles 
tast from Loup City, tLere is proof that there is nonconform itj- be- 
tween certain of these beds that we are studying. At the base 
of the cut there \b a stratum of red ctay. This stratum contains 
a few smalt pebbles differing from the country rock. Immediately 
capping the claj' there is a forest bed abont 14 inches iu thickness. 
The soil of this forest bed is a dark arenaceous loam. Heat«(I in 
a porcelain crucible tlie dark loam t)ecomes drabbish. There are 
no fossils in tlictie lower strata. The forest bed rests unconform- 
ably upon the clay. Between the forest bcKl and the saperim- 
posed Locss-likc formation there is marked unconformity. At 
the ver)* base of this last formation are found the common and 
characteristic fossils before mentioned. A diagrammatic cross- 
nection would exhibit aliout this result. > 




,1'Jee^. 



This nonconformity clearly' sliows that erosion was in action after 
the deposition of racli Htmtum. The eroded surfaces of tlie red 
<'lay support the forest betl. Upon the latter, finally, came this 
Loess-like material. As already noticed there is absence of life 
in strata 1 and 2, and presence of lift- in stratum 8, 

On the Middle Loup river, near Btelus. in Howard i^ounty, the 
same nonconformity is again found. In this outcrop the forest 
)ie«l is wanting aud the blulT or liocss-like formation reposes di- 
rectly upon an<l unconfunnably with the clay. In tlie day stratum 
■if the Breius section there are mant' small {>e)ililcs, principally 
(juartzite, chert. <liorite and diabase. As in the preceding Mection, 
the clay stratum Is noiifossiliferous. In the upjwr or Ixwss-Iike 
formation the common and previou«ly named six^'ies occur in 
Abundance. 

The clays have much the iipix-iu-aiicc of ghiciftl clays. The en- 
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closed pebbles are clearly of a foreign character. I have examined 
the ground all the way from the place of deposition to the head 
of the rivers and I find no trace of these rocks in situ. This is 
upon the Middle Loup. Upon the North Loup there is more 
gravel than upon the Middle. Eight miles north of Ord at the 
mouth of Gravel creek there is a heavy deposit of gravel and 
sand. This deposit is quite extensive and has a maximum thick- 
ness of 20 to 25 feet. Chert and silicified wood are very abun- 
dant At Almeria upon the North Loup there is an important 
gravel deposit Its extent and thickness are less than the one 
previously mentioned. In all these gravels of Valley and Sher- 
man counties, there is a resemblance. The mineral species are 
nearly the same. 

Two questions at once arise. Are these gravels and clays 
synchronous ? What is the age of the deposits ? As yet I see no 
clear answer. It is a favorable circumstance that these be<ls are 
quite general in extent. Undoubtedly some place will be found 
where a correlation can be made. As to the age the conviction is 
firm in the writer's mind that future investigation will enable 
them to be checked with horizons of known age. These are the 
lines that future study must follow. 

Passing from Sherman into Greoly county another unconformity 
is observed. The strata here are not the clays, gravels, and Loess- 
like material as in the preceding instance. They are on the con- 
trary strati of unquestioned Tertiary age and the Loess-like forma- 
tion. This particular unconformity is well worthy a careful 
study. Upon the western bank of the North Loup river and 
near the town of Scotia there is an outcrop of white, chalky lime- 
stone. In places this limestone is almost pure calcium-carbonate. 
Again it contains impurities, as silica and magnesia ; the mag- 
nesian ingredient manifesting itself as dolomite. Chert indicates 
the presence of silica. The entire outciX)p has a thickness of 
some 80 feet The eastern face of the scarp is washed by the 
North Loup river. Above and back the limestone is covered by 
the Loess-like formation. 

The fossils from the chalk-bluffs are not abundant. However, 
Planorhis^ Physa, Limntva and Vicipancs were generically 
determined. Aside f i*om these several small LamilUbranchs were 
found, but their identification was impossible. The Planorhis 
occurs in sucli numbers as to render many of the broken faces of 
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the stone pitted from casts. Many diatoms occur, the most com- 
mon being Navicula sphcBrosphora^ Cynibella lanceolata, C. ctstuloy 
Epithemia gihha^ Encyoneme gracile. In the superimposed 
Loess-like formation will be found Succtnea^ Pupa, Helix, etc. 

As one approaches the base of the chalk formation a decrease 
in the abundance of fossils is noted. At the same time the rock 
becomes more heavily bedded. The increase of silica and mag- 
nesia is at once apparent. Near the top of the outcrop the rock 
becomes very chalky and shaly. Fragments of the stone are en- 
closed in the superincumbent material like boulders in the glacial 
clay. 

Owing to the favors of the Bnrlington and Missouri railroad I was 
permitted to visit a similar exposure at Seneca, in Hooker county. 
Indeed, I may say that owing to these favors I have been enabled to 
make a much more satisfactory study of this region than would 
otherwise have been the case. The outcrop at Seneca presents no 
point of difference from the outcrop at Scotia. Near the top of 
the Seneca Tertiary limestone, I found the well preserved femur, 
tibia and some vertebra; of Equus excelsus. Also a tooth showing 
some resemblances to Procannelus. 
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. These limestone outcrops seem to be Tertiary buttes, criteria by 
which we are enabled to mejisuro the amount of erosion in this 
region. Standing as huge pinnacles, fi*om them we can conceive the 
amount of removed Tertiary material. They are valuable leaves in 
the geolog}' of Nebraska. The butters conclusively prove that sub- 
sequent to the deposition of the beds of which tiiey are the rem- 
nants there was a long period of erosion. Finally upon the worn 
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and jagged surfaces the bluff or Loess-like formation was laid 
down. These buttes tell more than the amount of erosion to 
which the land has been subjected. They register the volume of 
material removed by the rivers. 

We shall expect to find pronounced unconformity between this 
Tertiary limestone and the superincumbent formation. We shall 
not be disappointed. The foregoing diagrammatic section, fig. 2, 
will aid in presenting this nonsequence of deposition. 

As before stated the conclusion is evident that subsequent to 
the deposition of this Tertiary material there was pronounced 
erosion. During this time much was removed from the exposed 
suiiaces. At a later time unconformably upon tliis the bluff or 
Loess-like formation was laid down. To mark this great erosion 
only isolated buttes remain. But these are enough. They con- 
vey more strongly than words the record of geologic history in 
Nebraska. In conclusion I may say that here is a fertile field for 
investigation. The limestone buttes afford a good datum plane. 
What then is the age of the later material ? 

Geological Laboratory , University of Nebraska. 



GEOLOGICAL TESTS APPLIED TO ARCHAEOLOGI- 
CAL RELICS. 

Stephen D. Pert, Mendon, 111. 

At the last meeting of the A. A. A. -S. held at Indianapolis, 
a paper on the subject of « * Paleolithics " was read by Mr. W. H. 
Holmes, and afterwards discussed by different members of sec- 
tion «*H." This discussion seems to have excited considerable 
attention, and the daily papers commented upon it in their way. 
They give the idea that the distinction between * * paleolithics " 
and '*neolithics " has been abandoned. It may be well to state 
that so far as certain archseologists in America are concerned, 
this position which Mr. Holmes has taken, and which seems to 
have so surprised the public, is by no means a new one, though 
it has been maintained with considerable modesty, being an open 
question. While we acknowledge that there was a classification 
of the relics among the French archaeologists which would put so 
called ** paleolithic " relics in one class, and the * ' neolithics " in 
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another, yet on comparing the two it seemed to be impossible to 
draw the dividing line. We always found that whenever the inquiry 
was pressed, and the archseologists of that school were asked to 
give us tests by which we could classify the relics, we were re- 
ferred to the ^ ^ general appearance " and no definite test was given. 
The patina on the paleolithics was, to be sure, at times pointed 
out, especially if there was a black look to the patina, as this was 
supposed to be a sure indication of age, but the shapes were never 
definitely described ; in fact the shape of the paleolithics, so 
called, especially those from France, could always be duplicated 
from the neolithics in America, the chellcen axes having their 
counterparts in the Tennessee relics, and the mousterien scrapers 
and spear-points finding their correlatives in the relics taken from 
the ash-pits of the Madisonville cemetery in Ohio, the solutreen, 
leaf -shaped implements having their correlatives in relics picked 
up on the shores of the lakes of Wisconsin, and the banks of the 
rivers in all parts of the country, and the madelenien harpoons 
having their correlatives among the implements so common in the 
northwest coast. This marked resemblance between the relics of 
the two continents might be explained, and was hypothetically 
explained, by the supposition of a rise and decline in the stone 
age, but this was not satisfactory. The later Indians were really 
in the paleolithic stage, and the earlier mound-builders in the 
neolithic. At length the subject had become so embarassing that 
there was a necessity in the case. This necessity was met by 
abandoning the point. The distinction between the paleolithics 
and the neolithics cannot be drawn by any hard and fast line. 
We have not, at least, in America, the marks of age in the relies 
which will enable us to class the two separately. We are in 
reality thrown over into the province of geology ; if we are to 
ascertain what relics belong to the paleolithic and what to the 
neolithic we must first determine their geological horizon, this 
being the only criterion by which we can yet judge of their age. 
This is the position which the writer has held for a long time. 
The only question which he would now ask of the geologists aside 
from those points which they are best qualified to speak about, is 
this : Are we always sure that a relic which seemed to have been 
chipped by human hands is in reality a paleolithic relic, even if 
it is in the so-called paleolithic horizon ? May not these apparent 
chippings be the result of accidental fractures, coming from 
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natural causes ? Here we call upon the mineralogists to decide 
what material will be most likely to receive accidental fractures of 
a conchoidal shape which will resemble artificial chippings. The 
quartz relics found at Little Falls, in Minnesota, have never satis- 
fied certain archffiologists ; they were not sufficiently marked in 
their artificial qualities to be selected as typical specimens. The 
argillaceous relics are not altogether satisfactory, as there is such 
a great variety in their shapes. Many of the chert specimens 
seem so extremely rude that it is a question whether they are 
artificial or not. 

We would not, however, confine the subject to the fracture 
relics. According to some neolithic specimens of an advanced 
type are found, ante-dating, geologically speaking, all the paleo- 
lithic specimens. Statuettes, finished in the rounds such as the 
nampa image, being found beneath the lava beds, and various 
steatite oUas, or mortars, in the auriferous gravels, etc. Under 
the circumstances would it not be well for the geologists to look 
for water-worn neolithic axes and hammers, with ground edges, 
and grooves, in the loess and in the moraine gravels ? We do not 
say that such finds are likely to occur, but since the barriers have 
given way between the two classes, we would like to cover the 
whole field, and not reject a relic whic]i seems to belong to the 
polished stone age, even if it should appear in unnatural sur- 
roundings. It may be a thankl^s task, for every relic of this 
kind has been challenged. Doubts will linger for many years to 
come. The problem of man's advent upon the stage is one 
which geologists and naturalists must help to solve, for archfieolo- 
gists are inclined to admit that their science when unaided by 
other departments, will not at present furnish the tests by which 
we may determine the age of a relic. We are inclined to say the 
same thing also in reference to what might be called * < the re- 
mains," especially human crania. This is an unsettled, unsolved 
problem. The shape of a skull may to some minds be a proof 
of its age, but to other minds it is no criterion at all. For this, 
too, we are dependent upon the geologists to settle the question 
of age. The horizon which the geologists may recognize is the 
main test 
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A LOCAL DEPOSIT OF CHESTER SANDSTONE. 

By J. M. NicKLBS, Sparta, 111. 

Chester, Illinois, is the locality of the typical exposure of the 
Chester group. A section of the bluff from the court-house to 
the Mississippi river is as follows : 

No. 1. Soil and sandstone, not exposed 73 feet. 

" 2. Limestone, 1 " 

3. Green, blue and purple marl, 12 " 

" 4. Limestone, regularly bedded, 7 " 

" 5. Limestone, irregularly bedded, 42 " 

" 6. Green and purple fissile shale and marl with 

thin bands of limestone, 53 " 

" 7. Limestone with occasional partings of green 

and blue shale, 82 " 

270 " 
Several hundred yards northwest of the court-house occurs a 
local deposit about twelve feet in thickness in the bluff, of soft, 
yellowish homogeneous stratified sandstone, overlying conformably 
the lowest limestone of the preceding section. The deposit covers, 
perhaps, three acres. Its extent may be greater, but no evidence 
was found to warrant assigning it a larger area./ The rock has 
been opened for about one hundred feet in longitudinal extent and 
is quarried for doorsills, window caps, and similar purposes, work- 
ing very easily. Northwest of the sandstone is a ravine intersect- 
ing the bluff, at whose bottom is a small stream flowing into the 
Mississippi river. The other side of the ravine shows no evidence 
of the sandstone deposit, though the sandstone may be there 
covered up by drift and soil. On the south side of the ravine the 
sandstone may be traced for a short distance up the ravine, and 
then disappears under the drift / 

^Prof. A. H. Worthen, in the Geology of Illinois, vol. i, p. 
285, comments on this sandstone, instancing it as an example of 
the variability of the Chester beds. ^ After giving a section of 
the bluff, similar to that above, but differing in the thickness as- 
signed to some of the beds, he states that the bed of green and 
blue shales is quite variable in character, especially towards the 
base ; that not more than a hundred yards above the point where 
he made his section, there is a bed of sandstone, replacing the 
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shale immediately above tlie lower limestone. In just what sense he 
intended the term '* replacing " to be understood, I am in doubt 
How did this sandstone replace the shale ? They both lie con- 
formably upon the limestone and apparently pass into one another. 
The line of junction is obscured by debris and overgrowing vege- 
tation. The sandstone is overlaid by blue and green shales — No. 6 
of the section. 

At first glance it might be supposed that a fault had caused 
one of the lower sandstones of the Chester group to be brought 
up beside the shale. But faults, while common enough in the 
Chester group in western Kentucky, are rare in Illinois. Besides 
the i^nderlying limestones can be traced continuously. The sand- 
stones could not have been a slip on an extensive scale of the 
upper sandstone, as the green and blue shale overlying it is part of 
the thick bed of shale ( No. 6 of section ), which, from the abun- 
dance in it of the bryozoan Lyropora^ may be termed the Lyro- 
pora beds. The latter fact also forbids the view that the sand- 
stone is of more recent date, Tertiary or later. 

In view of the facts given above, the following explanation is 
suggested. Where the sandstone now is, shale was deposited just 
as in the territory joining. After some dozen or fifteen feet had 
been deposited, some change occurred in the Chester seas by 
which a swift current scooped out the soft shaly material at this 
point Presently the strength of the current diminished and an eddy 
was formed in which fine sand was deposited rapidly. After about 
twelve feet of this had been deposited, there was a return of the 
former conditions and shale was again laid down as before. To 
substantiate this explanation further observations are necessary. 



THE GEOLOGICAL WORK OF MOSSES AND ALGiC. 

By Walter Habyby Wbbd, Washinerton, D. G. 

The part that low vegetable organisms play in providing 
chemical change is of interest to geologists since it often results 
in the formation of deposits that have considerable geological 
importance. 

The secretion of carbon and of carbonate of lime b}' plants and 
by animals is a familiar phenomenon, and constitutes the subject 
of ver}' important chapters in chemical geology ; but while mucli. 
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stress has been laid upon the geological work performed l\y ani- 
mals, particularly the molluscs and corals, the magnitude and im- 
portance of a similiar work performed by the humble members of 
the vegetable kingdom have not been fully appreciated. 

It is with the hope of emphasizing the importance or this geo- 
logical work of plants, by alluding to such facts as are already 
known, and describing several new features of the work, that the 
present paper has been prepared. 

So far as known, the mineral-producing plants are all moisture- 
loving or aquatic species and belong to the mosses and the algje, the 
only exceptions being a few lime-incrusted species of higher orders. 

x\ccording as the mineral matter is abstracted by ph3^siological 
processes, to build up the plant structure, or is a strictly chemical 
deposit resulting from reactions engendered by the growth and 
activity of the plants, the deposits rany be direct, or indirect in 
their origin: B}' far the greater number of the deposits now 
known belong to the former class and in this case whether the beds 
are formed of stony masses of plant structures in situ, or result 
from an aggregation of isolated plant forms, it is the chemical 
work performed by the vegetation in the abstraction and segrega- 
tion of mineral matter, to which geological interest attaches. 

Besides the familiar and universal storage of carbon in the tis- 
sues of plants and the beds of peat, lignite and coal formed of 
plant remains, the deposits heretofore known to be produced b}- 
vegetable life include onlv the limestones formed bv marine alirie, 
certain travertine deposits and the beds of diatomaceous earth 
found in Tertiar}' and more recent formations. To these we may 
add deposits of silica and sesquioxide of iron, formed both ])y 
mosses and by algte, siliceous sinter and sulphate of lime. 

It has long been known that certain marine algae, particularly^ 
the corallines and nuUipores, possess the power of secreting the 
carbonate of lime, which they extract from sea water and of which 
they build their cell walls or strengthen their structures. Such 
plants have been recognized as important aids in the formation 
of the limestones and the banks of calcareous sand so character- 
istic of tropical seas. Agassiz has described limestones found on 
the coasts of Florida tliat consist essentially of the remains of 
these stony algae. 

It is now known that certain fresh-water algae and several 
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species of mosses are also possessed of this power of separating 
carbonate of lime. The association of mosses and algae with de- 
posits of carbonate of lime was noticed many years ago at several 
European localities, and in 1862 Dr. Ferd. Cohn described in de- 
tiiil the manner in which travertine is formed bj^ the mosses of 
Tivoli and the algae of the hot springs of Carlsbad, and the ex- 
planation advanced by him is now generally accepted as the pro- 
cess by which the great deposits of travertine found at Tivoli and 
the beds of that substance that underlie the city of Carlsbad, have 
been formed. 

This process is explainable on strictly chemical grounds whether 
tlie lime forms an integral part of the plant structure or merely 
encrusts it, or as is sometimes the case, forms a deposit that 
shows no trace of organic structure. The process is a simple one, 
resulting from the well known avidity of plants for carbonic acid 
gas. Water plants thus tend to impoverish the water pt its carbon 
dioxide, thereby depriving the carbonate of lime which the water 
holds in solution, of its solvent. It is not necessary to suppose 
that the plants always decompose the bicarbonate and take up 
the carbonic acid thus liberated, though the fact that the mosses 
growing in waters containing but 0.031 per cent of the CaCOj 
were found covered with a beautiful encrust of lime, while the 
water did not deix>sit that substance under exceptionally favorable 
conditions of evaporation, proves that it really is the action of the 
plants that pro<luces the deposition of the lime. But even in 
waters very highl}' charged with carbonic acid gas, plants may 
prcKluce a deix)sition of carbonate of lime since it is well known to 
chemists that the amount of bicarbonate of lime that is soluble in 
a water is dependent upon the volume of free carbonic acid gas it 
liolds, which must be largely in excess of the amount necessary 
to form the bicarbonate, so that in such waters the withdrawal of 
an}' of the carbonic acid gas will produce supersaturation of the 
solution and consequent deposition of the calcic carbonate ; this is 
actually the case both in the cold waters of the Arno at Tivoli and 
the hot waters of the Carlsbad springs. Observations made upon 
the origin of the travertine and calc sinter deposits of the Yellow- 
stone park, show that they have a similiar origin in part at least 
and it is to the algous vegetation of the hot lime-bearing waters 

R. Ludwig. Pogg. Ann. Vol. 87, p. 91. 
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which beautifies the hot spring bowls, channels and overflow slope 
with its brilliant and varied tints, that we must credit the forma- 
tion of the unique and beautiful terraces of the Mammoth hot 
springs. Each peculiar t3'pe of algous growth forms its own 
characteristic form of travertine and we have in consequence lam- 
inated, fibrous, thatch-like and other forms of tufa. * 

Deposits of iron are also formed by plant-life. It is now gen- 
erally admitted that bog iron ores owe their origin to chemico- 
organic agencies, the iron being taken into solution by the waters 
through the action of the products of decaying vegetation. The 
final precipitation of the ore is easily accounted for by simple oxi- 
dation on the surface of the bogs or ponds and lakes, on the bot- 
tom of which the ore accumulates, but as a matter of fact it has 
been found that the ore sometimes consists very largely of the re- 
mains of diatoms, the iron encrusting the siliceous tests and in 
some cases at least forming part of the sheath itself. The ox3'gen 
given off by the living plants would be a sufi9cient cause of this 
encrustation of iron, since it would oxydize the iron to the insolu- 
ble sesquioxide. It is by this action that Bischof explains the 
presence of large amounts of iron found in the travertine of 
Nauheim. Not only does the vegetable life of these waters cause 
the separation of carbonate of lime hy their absorption of COj but 
the oxygen which they give off oxydizes the protoxides of iron 
present in the water and causes the formation of a highlj^ ferrugi- 
nous deposit. 

A very striking case of ferruginous deposit clearly due to plant 
life was observed by the writer last summer. A spring of cold, 
clear and quite acid water highly charged with iron and carbonic 
acid gas, issued from the summit of a mound of what appeared to 
be iron ochre. The bowl on the summit of this mound was filled 
to the brim with the sparkling water and surrounded by a growth 
of velvety dark green moss, a species of Hypnum. Upon exam- 
ining the deposit of iron forming the mound it was found to con- 
sist entirely of the stems of a moss that proved identical with that 
found about the edge of the bowl. Specimens were obtained 
showing a continuous passage of the living moss at the surface 
into the mineralized stalk below. The mound was several feet 
high and composed entirely of this deposit and an old mound 

♦Ninth annual report of the Director U. S. Geol. Survey, p. 619. 
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near b}', whose bowl is now empty and drj', was found to consist 
of the same moss sinter. 

Upon buminj^ off tlie organic matter of the green and living 
moss the structure remains, formed of Fe.>0;„ so that the iron 
really forms part of the plant tissue. An analysis of this ma- 
terial made in the I J. S. Geol. Surve}' Laborator}' shows it to have 
the following composition : 

SiOj 1.37 

Ft»,Oa 03.03 

SO3 8.35 

AljOa 0.08 

Water ciiid orK^nif matter 26.94 

Total 99. 77 percent. 

In this case the iron has pro])ably been in solution as ferrous 
sulphate which has been oxidized with the foimation of the ferric 
oxide and sulphuric acid. 

Although the extraction of silica to build up plant tissues is not 
confined to the lower orders of plants, it is only in the algse and 
mosses that this property is so highl}' developed as to form min- 
eral deposits. The extraction of silica from sea- water has long 
been recognized as one of the peculiar and as yet unexplained 
properties of the microscopic plants called diatoms. The well 
known and consUint association of amorphous silica and organic 
matter cannot ])c accepted as explaining this secretion of silica by 
diatoms since it is manifestly a result of life or vital agency. It is 
perhaps unnecessary to call attention to the great thickness of tlie 
beds of nearly pure silica, composed of the remains of diatoms, 
which are found in all parts of the world. The largest deposits 
are undoubtedl}' those in Nevada, described by Mr. Arnold Hague 
in the reports or the 40th Par. Survey as being several hundred feet 
thick.* At the present day diatoms have a widespread distribu- 
tion in both salt and fresh water and are forming siliceous strata 
])y the accumulation of their remains, on the bottom of the ocean 
and also in lakes, ponds and lx)gs on the land. 

In the geyser basins of the Yellowstone park, there are beds 
several feet thick and scjuare miles in extent, which consist of the 



♦Reports, 40th Parallel. Vol. 11. 
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remains of the same species of diatoms that now form the thick 
ooze of the warm marshes.* 

The separation and secretion of silica from natural waters is, 
however, not confined to the diatoms. The alkaline waters of the 
geysers and hot springs of the Yellowstone park which are highly 
charged with silica, contain a vividly colored algous vegetation 
that produces siliceous sinter, and mosses growing in the cooled 
waters of certain of the springs produce rock-strata also formed 
of silica. 

The separation of the silica by algae is a ver}' common phenom- 
enon in the Yellowstone park lind inferentiaily in hot siliceous 
waters elsewhere since the same algse species occur in the hot 
waters of New Zealand, the Azores and other localities. The 
alga> extract the silica and deposit it as a hydrated jelly, that is 
sometimes an integral part of the plant tissue, and forms the 
hyaline wall of the algfle threads, sometimes encrusts the silken 
filaments or more often forms a thick jelly that binds together the 
matted felt of threads into slimy cushions or into leathery sheets 
that line the cooler springs of 90 degress to 130 degrees F., or 
occurs as a slipper}' coating upon a hard deposit of sinter. The 
evidencet is convincing and conclusive that these growths form 
masses of jelly that harden into and form siliceous sinter. 

Equally strange is the formation of terraces of a buff-colored 
rock consisting of 90 per cent, silica, by the moss Hypnum adun- 
4:um var. g racilesceiis. This moss covers the inner and outer sides 
of a series of terraced bowls at the upper geyser basin of the Yel- 
lowstone park, and it was eas}- to show that the moss passed di- 
rectly and in situ into the stone beneath. Indeed the rock itself 
shows at once that it is composed of the silicified (?) or siliceous 
stalks, of this moss. Specimens in the possession of the sur\'ey 
show that the silicification of the older portjon of the moss stalk 
takes place even while the stems wave loosely and freely about in 
the water. The ahalysis of the siliceous rock thus formed shows a 
very low percentage of organic matter considering its origin, with 
a larger amount of CaSOg, than either the siliceous sinter formed 
by algie, or the true geyserites of the geyser basins. 

*Diatom beds and diatom marshes of the Yellowstone National Park, 
by Walter Harvey Weed. Botanical Gazette, Vol. xlv, No. 5, p. 117. 

+Nlnth Ann. Report Director U. S. G. S. Formation of Hot Spg. De- 
posits, Walter Harvey Weed. p. 655. 
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SiOj 89.72 

AljOg 1.02 

CaO 2.01 

H jO 7.34 

Total 100.09 percent 

Both the deposits of silica formed b}- mosses and those result- 
ing from algous life are notably pure, containing less clay than is 
usual in the true ge3'serite formed by evaporation. 

It has long been known that certain algse, called Beggiatoa, 
are the characteristic inhabitants of sulphur springs, and the 
white slim}' masses which they form were at first considered to be 
a lifeless organic substance precipitated out of the warm watei'S. 
In studying tliese algee it was noticed that the}' were often assoc- 
iated witli deposits of sulphate of lime and that the minute 
threads were encrusted by sulphur. Cmmer and other observers 
proved tliat the filaments contained granules of amorphous sul- 
phur. In common with other students he supposed this sulphur 
to be derived from the deposits of sulphate of lime and from the 
soluble sulphates present in the spring watera. Quite recently, 
however, it has been shown by the painstaking and convincing 
experiments of Winogradsky, that these plants actually form de- 
posits of CaSO^ in the following manner. Unlike other algse, the 
Beggiatoa subsist upon and are nourished by H^S which the sul- 
phur waters contain in greater or less quantity. This they de- 
compose into water and sulphur, the latter being secreted within 
the algae threads in amorphous white granules. These immedi- 
ately crystallize upon the death of the plant, but during its life 
are oxydized to H^SOj, which is immediatel}' neutralized by the 
carbonates present in the water and forms sulphates, and if 
CaSO^ be present in large quantit}' it is deposited as gypsum. 

If the results outlined above are attained in this way (and there 
seems no reason to doubt the careful experiments mentione<l), the 
Beggiatoa stand alone in the vegetaljle world. That the sulphur 
is necessary to the growth of the plant was proven b}* the impov- 
erishment of the plant as the sulphur was consumed and its death 
when the supply was exhausted. 

It is believed by the French biologist Parize* that microbes 

•Trouessart — Microbes, Ferments and Moulds, Int«'r. Sci. Series. No* 
56, p. 124. 
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may perform a geological part in nature by disintegrating the 
schistoid rocks, which enter into the constitution of arable soil. 

The examples cited and described show therefore that the pro 
duction of mineral deposits by plant life is neither a rare nor an 
insignificant phenomenon of chemical geology, and is further 
proof that very important geological results are often achieved by 
the most lowly organized forms of life. 
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Ofir burrows and tracks of inoertelrrate anlrnalx hi paleozoic rofto?, and 
other markings. Sir J. W. Dawson. (Quart. Jour. Gool. Soc, Nov.. 
1890, vol. xlvi.) 

This paper consists uf critical notes and comparisons, illustrated by 
graphic reproductions (from photographs) of several of the problemat- 
ical markings that are familiar to the geologist under the names of 
Bilobltes, Protichnites, Climachtichnites, Scolithus, Arthrophychus, 
etc., and which are very often hastily grouped under the comprehensive 
and vague term '^fucoids.*' The author has made use of the abundant 
material of this nature belonging to the Peter-Red path museum at 
Montreal, collected by himself at the time of the enlargement of ihe 
Grenville canal, on the Ottawa river, and added since by Lt.-Col. Grant 
from the vicinity of Hamilton, Ontario, 

The author considers six genera as the burrows and tracks of marini» 
animals, probably crustaceans, as he had ixiinted out in 1804 (Can. 
Nat. n. s. vol. i, pp. 363, 458). viz.: Rusichnites, Arthrichnites, Cruzi- 
ana, Climachtichnites, Fri«na, and Crossochorda. The tirst two are 
names substituted respectively for Rnsophycus, of Hall, and Arthro- 
phycus, of Harlan. 

DiflPerent generic names have been given to some tracks closely related 
which the author would apparently regard as unworthy of generic rank, 
as they exhibit a variability that seems dependent on the nature of the 
sea bottom, or on the various modes of progression. They pass Into 
Protichnites, of Owen, and into the worn tracks of the genus Nereites, 
of Hall. The same trail sometimes passes through the different charac- 
ters of Cruziana, Crossochorda, and Nereites, though Nereites was sup- 
posed by Hall to be formed by molluscs. He shows by comparisons with 
tracks of modern Limulus, polyphemus that both the Protichnites and 
the Climachtichnites may have been formed by some of the earlier crus- 
taceans which had a divided and truncated tail. This would account for 
the ridge sometimes dividing the furrows and transverse ridges, and for 
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Us change of position from side to side of the mesial line, also for the 
interrupted ridges on each side of the trail which would be the natural 
results of the successive strokes of a flat organ, and for the appearances 
presented when the tracks turn abruptly, or when they end abruptly as 
If the animal had suddenly risen from the bottom. 

Ho suggests that the roofed burrows, resembling the forms known un- 
der the name Phytoderma, may have been produced by a burrowing 
crustacean of Silurian times. 

Scolithus he unhesitatingly ascribes to worm-burrowing, and he gives 
evidence that goes to indicate that several genera that have been 
created (Monocraterion of Torell. Pyrophylllt*»s, and Asterophycus) are 
to be ascribed to the burrowing of the same animal or to its trailing 
about the openings of the tubes. 

A new genus (Sabellarites) is described by the anthor, and to it he 
assigns two species, viz.: S. trentonensis and phosphaticus. This 
name is given to tubes which are composed of fragments of shells, 
corals, sand, or phosphatic coproliten, the former from one-tenth to one- 
oighth inch in diameter and three centimeters or more in length, found 
in the Black River limestone near Montreal, and the latter in the Hast- 
ings group, which he considers now as probably Huronian, or ** primor- 
dial." These tubes he compares with those that are constructed by the 
modern genus Terebella which consist of grains of sand and fragments 
of shells attached to a membranous lining. This shows a remarkable 
antiquity for that method of life and protection against predatory 
aquatic enemies which is found illustrated by the fresh water sheaths 
with which our ponds and streams are supplied. 

The author draws attention to the characteristics by which true 
fuoolds may be distinguished from the foregoing, and mentions Butho- 
trephis gracilis, giving also two illustrations of B. granti. 

Various combinations of animal tracks and rill-marks, and even of 
rill-marks alone, have been described as genera of fucoids. Such are 
Ocndrophycus, Delessorites, Vexillum, Aristophycus, ChloCphycus, 
Tricophycus and Dictuolltes. 

KxpeHtnentH on Ihe coHHtlUttlon of Uic luttural 8licates. F. W. Clarkk 
4ni<1 E. A. SciiNEn>B:i{. (Am. Jour. Sci., Oct., Nov., Dec, 1890.) The 
authors hav(> made a series of experiments on six groups of magnesian 
slliiates, viz.: olivine, talc, serpentine, chlorite, mica and vermiculite, 
n*ijng in some cases samples from several localities. The test experi- 
ment, after ordinary quantitative analysis, and the purification of the 
niatc>riai, or the determination of its inclusions, was the subjection of 
the ground mineral to dry hydrochloric acid gas at a temperature be- 
twe<Mi 383° and 412° C, I. c. between the fusing points of lead iodide 
and /.inc. The effect was different on different minerals. This was 
then compared with the effect of aqueous hydrochloric acid on the 
i<ame minerals, sometimes after strong ignition. It was found that 
sometimes a species previously soluble could be thus split up into a 
soluble and an Insoluble part. 



Rifviiixc of Recent Geological Literature, 57 

They conclude (1) that the actions of gaseous and aqueous hydro- 
chloric acids differ widely ; (2) that in this group of minerals the gas- 
<'ous acid attacks apparently only that part of the magnesium which is 
present as the univalent groups — Mg~OH ; (3) the chloritos are not 
hydratod conditions of the micas, or micas plus water of crystallization. 

CoralH and Coral iHUnidft, Jiy James D. Dana. Third edition, pp. 
440 ; with 16 plates, and many figures in the text. (New York : Dodd, 
Mead & Co., 1890.) Eighteen years have elapsed since the first publica- 
tion of this well known popular work, which is based on observations 
made by the author long before, during the cruise of the Wilkes Explor- 
ing Expedition in the years 1838 to 1842. Changes and additions have 
been made in all parts of the work to bring it up to the present date ; 
and about thirty new pages are inserted, meeting objections to the sub- 
sidence theory of Darwin and Dana. The views of Murray, Guppy, A. 
Agassiz, Semper, and others, accounting for coral islands without subsi- 
dence, are shown to be improbable. ** Darwin's theory, therefore, still 
remains as the theory that a(!Counts for the origin of atolls and barrier 
islands, which is not true of any other that has been proposed. Fring- 
ing reefs and isolated coral-reef banks may form in shallow water 
within the growing depths of reef-making corals, and on any kind of 
bottom. But atolls, barrier-reefs, and coral formations of great thick- 
ness require as a rule, the aid of slow subsidence, — as has been true for 
nearly all the thick rock formations over the continents." 

The area of the Pacific ocean-bed which thus appears to have been 
sinking has a length of more than 6,000 miles, with a breadth of over 
2,500 mih»s. and in Its central portion the subsidence is believed to have 
amounted to several thousands of feet. It has been in progress, accord- 
ing to professor Dana, from sometime In the Tertiary era until now, 
probably affecting Its maximum area during the glacial period. Correl- 
ative with this downward movement for the tropical Pacific, and i^er- 
haps for some portions of all the oceanic areas within the tropics, the con- 
tinental lands of North America and northwestern Europe, which were 
gla<'iated, experienced an upward movement, as the author concludes, 
of similar amount, producing a colder climate and ice-sheets. 

On th€ Oeologif ami PhyffU)fjraph\/ of a jxtrtUm of iHfrUiivestem Color- 
iulo and adjarent parUt of Utah and Wyinning. By Charles A. White. 
pp. 677-712: plate Ixxxviii; figures 57-61. (Accompanying the ninth 
annual report of the director of the V. S. Geological Survey.) This 
paper, which relat^is to the district covered by Powell's Oettlogy of the 
Vhita Mountains (1876), describes the eastern part of the Uinta range, 
cut by the Horseshoe, Red, and Lodore canons of Green River ; the 
nearly related Vampa plateau and other subordinate folds south and 
southeast from the east end of the great Uinta anticlinal ; the inceptive 
eastward continuation of this anticlinal, to the base of the White River 
plateau, a spur of the Park range of the Rocky mountain system ; and 
the small upthrust Junction and Yampa mountains, which are isolated 
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ellipsoid anticlinals of very steep dips and faufts, respectively about 
twelve and seven miles long, situated east of the Uinta mountains, on 
the low, inceptive portion of their broad fold. 

The geologic formations exposed in the Uinta anticlinal, as mado 
known by Powell, King, Hayno, Emmons, and White, are the Uinta 
sandstone, 12,000 to 14,000 feet thick ; Carboniferous limestones and 
sandstones, 3,000 to 4,000 feet ; Jura-Trias strata, mostly sandstones, 
2,500 to 5,000 feet ; and the Dakota, Colorado, Montana and Laramie 
series of the Cretaceous system, aggregating (i,000 or 7.000 feet. Over- 
lying the edges of this mountain mass, and included with its uplift in 
successively diminishing amount of tilting, are the Wahsatch, Groen 
River, Brldger, and Brown's Park fresh-water Tertiary formations, with 
aggregate maximum thickness of 7,700 feet. 

Elevation of the great Uinta fold began, according to Dr. White, at 
the close of the Laramie period, when epirogeuic movements finally cut 
off the brackish Laramie sea from all connection with the ocean. The 
folding and uplifting were in progress during the Eocene epochs of llie 
Wahsatch, Green River, and Bridger lakes: and were nearly completed 
before the deposition of the Brown's Park beds, which rest unconform- 
ably upon all the other formations and are probably of Pliocene age. 
The vertical extent of the Uinta uplift, occurring thus during the Ter- 
tiary era, is shown to have been about 28,800 feet, or five and a half 
miles; but, owing to erosion, the range has probably never greatly ex- 
ceeded its present hight of laooo to 13.000 feet. 

In the small Junction mountain and Yampa mountain upthrusts, 
the vertical displacement of each has been nearly 12,000 feet, and this, 
has taken place contemporaneously with the Uinta uplift. Indeed, Dr. 
White finds, by the extension of his observations and study eastward 
from the Uintas to the Park range of the Rocky mountains, that both 
these prominent ranges, their subordinate folds and spurs, and the two 
upthrust mountains, are all '"results of one great system of orogenic 
movements." So slow has been the elevation, however, not only of the 
Uinta range, but also of the isolated Junction and Yampa mountains, 
that rivers which traversed their areas when the uplifting began, have 
not been turned out of their courses, biding able to erode and deepen 
their canons through these mountains as fast as their rise, to total 
bights of two to five miles, progressed. 

NirJioUon <& LydekkefH PalcBonUtlogy: — The second volume of this 
great work comes from the pen of the latter of the two authors who are 
associated on the title page. Mr. Lydekker's name has been familiar 
to the student of vertebrate palaeontology for many years i^ast, and no 
one will dispute his competence for the task. His introductory chap- 
ter on the comparative anatomy of the various classes of the sub-king- 
dom Vertebrata, forms an excellent summary of our present views regard- 
ing the relationship of their organs in the light of Evolution. 

Passing over as an unsolved problem the origin of the Vertebrata from 
the invertebrate sub-kingdom the author selects from the totality of the 
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animal organism those parts wliich arc important for his purpose, and 
concentrates his attention on them. These aro the bones, the teeth, and 
the slvin, and appendages if hardened as is frequently the case. It i» 
from these, that the palaeontologist must study the vertebral life of the 
past for seldom have the soft parts left any impress or record of their 
existence. 

In dealing with the fishes, the classification of Prof. Huxley is pre- 
f erred to others that have been proposed as more in accord with the sys- 
tems adopted in other classes of Vertebrata. This places the Cyclosto- 
mata by themselves. These however, being unknown in a fossil state 
require no notice. 

Dealing with their geological age the author remarks that being the 
lowest of the Vertebrata, their remains would naturally be looked for in 
rocks of very early date. This cNpectation is fulfilled. * 'The earliest 
known fishes in Britain occur in the Lower Ludlow group of the Silur- 
ian. " The I*a\osa»p\» of Pennsylvania however, from the Onondaga 
group represents an older date, probably co»"val with the Wenlock, while 
the 0nc?itt8 x^ei\.n&\ilx)anicu» of the same state, from the Clinton, corre> 
spends In age with the upper part of the Llandeilo or the ** May-hill '* 
sandstone. These indicat<> a rather greater antiquity for both ganoids 
and elasmobranchs. 

The elasmobranchs, have been a very important order from early 
times. But as their skeletons are and were almost entirely cartilagin- 
ous we are compelled to depend on the evidence of teeth, spines and der- 
mal scutes for their restoration with the aid of an occasional and unique 
specimen where an Impression of some parts of the body may have b(^en 
preserved. 

A singular fact in this connection is the frequent occurrence of tliin 
beds composed almost entirely of the teeth, bones and scutes of these 
and other fish. Such are the well-known Ludlow bone-bed of Silurian 
age, and the Rhoetic bone-bed in England, both of which though only 
an inch or two in thickness arc remarkably persistent. The Delaware 
bone-bed of Corniferous age in Ohio is another case in point. They are 
apparently beach-lines or wash-deposits and indicate a much greater 
abundance of fish-life at those eras than the ichthyic remains found 
elsewhere would lead us to suppose. At the same time we must not for- 
get that in naming genera and species from detached teeth and spines, 
the palieontologist is often obliged to represent several parts of the same 
animal by dUtiuct names, and the mistake is often made by those who 
are unfamiliar with his material of supix>sing that each of these 
names is intended to connote a separate organism. So far is this from 
the truth, that the term species has in palavmtology in many cases an 
entirely arbitrary meaning and impli<>s no belief in any connection such 
as is intended in recent biology. For the progress of science it is neces- 
sary to name these fossils, but the palaeontologist holds all such names 
at their real value and waits till some lucky find shall enable him to 
put together two or more as only the sei)arate parts of a single being* 
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One need only take a glance at the dentition of the Port Jackson shark, 
to see how readily such double naming may occur. This remark is yet 
more pertinent in the case of fossil botany. 

Thus Mr. Lydekker remarks: *'It is probable t^at some of the dor- 
sal fin-spines, originally described under the name of Ctenacanthus be- 
long to Orodus (more properly Oreodus). Most of these spines are how- 
ever referable to the allied Carboniferous genus Sphenacanthus. " 

In regard to the remarkable fossil Edestus the author accepts Dr. 
Newberry *s opinion that ** we may regard them as the dorsal spines of 
large cartilaginous fishes of which the other parts are as yet unknown 
and may suppose that they were used for attack and defence as the 
spines of Trygon or of Acanthurus. ** 

Fossil chimasroids are comparatively few and chiefly Mesozoic or later 
in (late, Rhynchodus and ' Ptyctodus being the most Important forms of 
reputedly palaeozoic age. 

On the other hand the Dipuoans indicate an essentially ancient ori- 
gin by their wide distribution over the world of their few remaining 
representatives. 

The great, but difficult order of ganoids, as the term Is here employed, 
includes nearly all the oldest fishes such as Cephalaspis and Pteraspis 
and those Old Red sandstone fossils with which the writings of Hugh 
Miller have made us all familiar. 

In this connection we may remark that we believe that the sensory 
system has not been found in the shield of the Ceplialaspidte though it 
Is now known to have existed in the shield of the Pteraapidee. There is 
also some error regarding the locality of HoUmpls but Lankester's paper 
is not at hand to supply the correction. No Pteraspidian except Scaphr 
ii8pls is known from undoubted Silurian rocks in England so that 
Auchcnaspis from the passage-beds of Ledbury, and Didyinowpfo of which 
only a single specimen Is known, should be referred to the Devonian. 
Scaphaspis is now by many considered the ventral shield of PteraspiM^ 
but in this case it is not oasy to understand why it alone should bo 
found in the Lower-Ludlow. Only a very few specimens are known, 
but possibly more than one species is Included in them. Tlie Diplaapin 
of Matthew should have been here mentioned, from the Silurian strata of 
New Brunswick containing a marine fauna resembling that of the 
English Ludlow. According to its author's description this species had 
a ventral as well as a dorsal shield. 

Here also belong those gigantic fossils, which have been recently 
brought to light from the Black Shale of Ohio, such as Dinichthys and 
the yet huger Titan ichthys. The order is distributed by the author into 
twenty-six families. It is needless to add that he adopts in this de- 
partment, the recent work of Mr. A. S. Woodward and Dr. Traquair 
for Great Britain and of Dr. Newberry for North America. 

The teleosts are, says our author, in all probability descended from 
the ganoids and occupy in the class a somewhat analogous position to 
that held by the Squamata among the reptiles and the Passeres among 
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birds ; all traces of reptilian affinities having been lost in this order. 
The order is treated under a great number of families, only a few of 
which are of paliBontological importance. The siluroids have suggested 
to Prof. Huxley by several points of resemblance a near relationship to 
the ganoids. But a difficulty occurs in the fact that they are not l<nown 
with certainty before the Tertiary era. Of especial interest is the 
family of the horse-mackerels (Carangidae) on account of the excellent 
preservation of its fossil specimen in the Monte Bolca Eocene of north- 
ern Italy, a series of limestones associated with volcanic material which 
has yielded to the labors of Agassiz 133 species of fish represent<*d by 
immense numbers of specimens. Of the flat fishes we have almost no 
fossil remains, only two genera, the tnrbot and sole, being known. 

The introduction of the tcleostean fish is of very recent date, none of 
them having been found fossil in rocks older than the Cretaceous. They 
are essentially Tertiary in date, but have advanced so rapidly in num- 
ber of species and of individuals that they form to-day a very large 
majority of the existing fishes of the globe. 

The Amphibia are a class of very great interest to the palaeontologist 
as they form a transition group between fishes and reptiles. The sur- 
vival of this class to the present day has enabled the evolutionist to 
bridge over a chasm which would otherwise have existed between these 
groups. Of the whole class, however, only one order, the labyrintlio- 
donts. Is geologically aneient. Of the Apoda no fossil remains are 
known, while the salamanders, frogs, and toads are only found in later 
Tertiary strata. This leaves an enormous gap in the geological history 
of the class, the latest known labyrinthodonts being found in the Trias 
and the earliest of the other orders in the Tertiary or possibly and 
doubtfully in the Cretaceous. They are especially characteristic of the 
latest part of the palaeozoic era and of the earlier Mesozoic ages. From 
the Carboniferous to the Trias in Europe and North America their re- 
mains occur, but only a single genus, says Mr. Lydekker, ascends to 
the Lower Jurassic. Their remarkable and complicated tooth-structure 
from which the name Is derived characterizes the greater part of the 
order, thougli in a few this feature is wanting. 

In this c(muection we may note the fact that not a few of the laby- 
rinthodonts were first known by their footprints in double series with a 
small fore and a large hind track. Clwinttherium, or rather Cheiro- 
Hnunift, was the earliest of these in date of discovery, but the re<-ords of 
this kind drawn from the sandstones of the Connecticut valley by the 
labors of the Messrs. Hitchcock, have surpassed all found elsewhere, 
and unmistakably prove an abundance of labyrinthodont and other life 
in the Trias. Thousands of these footprints have been extracted from 
the quarries and tens of thousands more have hoen destroyed. 

The gap above alluded to in the history of the Amphibia would lead 
us to seek the origin of the class of reptiles in the labyrinthodonts, for 
undoubted members of this group appear as early as the Permian and 
possibly in Carboniferous days. But the teeth of true reptiles never 
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show the complicated cuamel folds that characterize the labyrintho- 
<]onts. They may be anchylosed to the outer side or to the summit of 
tlie jaw, or they may be set in distinct sockets, and in many cases they 
are continuously renewed during life. The form of reptilian teeth is 
simple, being for the most part a flattened cone. 

The change which recent research has brought about in our knowledge 
of this class may be realized from the author's statement on page 1057. 

'*As regards the classification of reptiles scarcely any two writers 
agree. There is little difficulty with existing forms, but when we go 
back to the early part of the Mesozoic era we find that nearly all the 
orders into which the class has been divided show such signs of passing 
into one another that it is quite impossible to exhibit their relationship 
by any system of linear classification." 

In view of this difficulty the author provisionally adopts, with some 
slight change, the classification proposed by Dr. Baur, now of Worcester, 
Mass., in which they are divided into ten orders. Of the first of these 
tlie anomodonts (Theromora or more correctly Theromorpha of Cope). 
He says the evidence shows almost conclusively that its members are 
descended from the labyrinthodont amphibians and more especially 
from the archcgosaurians. 

The difficulty of classification and the increase of oui* knowledge of 
the phylogeny of the Reptilia is in great part due to the rapid progress 
of discovery in this field. Recent researches, especially in the Jurassic 
strata of the western states have brought to light an immense number 
of forms for which no place could be found in any previous system. 
Many other species are know^n only from a single bone in some geolog- 
ical museums, and of these several will ultimately perhaps be proved to 
belong to the same animal. 

The shapes assumed by some of these fossil reptiles are most extrava- 
gant. In Dimetrodon the neural spine w^as according to Cope twenty 
times as long as the centrum and formed an elevated fin, while in 
N(V08aurus which is figured by Mr. Lydekker, a similar neural spine 
carries six projecting cross processes on each side. Dlcynodon lacertir 
iieps has the "canine" teeth of a tiger in a skull twenty inches long, 
while its near relative Oivdeiwdon (Udenodon) was toothless. The fa- 
miliar Plcslosaurus had the long neck of a swan combined with the head 
of a lizard and the paddles of a turtle. Testudo (Colossochelys) atlas 
measured six feet In length and was probably the largest tortoise that 
ever existed. Ichthyosaurus was thirty feet long with the head of a 
crocodile and eye-sockets six inches In diameter. It was carnivorous 
and its coprolltes prove that its food consisted in great part of ganoid 
fishes, while the frequent presence of uninjured young in the body- 
cavity tends to prove that It was viviparous in some species at least. 
This genus, the type and almost the only component of its family, has 
not been found in America. Hyperodapedon had no teeth but Its jaws 
were encased in hard horny beaks like those of a falcon, the upper 
being strongly hooked. 
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The author figures the classic MosaMaxinifi of Maestricht found in 1785 
and for nearly a century the only specimen of the genus. This speci- 
men which had some singular experiences during the war in tlie ** Low 
Countries'' is inferior in one important respect toothers which have 
been since found in the Cretaceous of North America, Inasmuch as the 
<iisplaoed pterygoid bone conceals the joint in the ramus of the jaw that 
is a peculiar feature in the family of the 3fo»a«aur(<Icc, and, according 
to Baur, in at least two others, the VaranUJ<B and the HeUjdennatldce. 
So complete is the concealment of this feature that its very existence 
was unknown until the American specimens were found. 

Of the dlnosaurians the author writes: "They comprise the largest 
land reptiles and while some of them approximate closely to the type of 
structure obtaining in birds others come so near to the more generalized 
crocodilians that it is almost impossible to separate them from the 
latter/" Here belong the long known Iguaiiodon^ the subject of the 
labors of the late Dr. Manteli; the Hadro8auru8, first described from the 
Cretaceous of North America but since found in Europe, the only skel- 
♦•ton of which is in the museum at Princeton, N, J., the work of the late 
Watorhouse Hawkins; the immense Megalosaurua and horned Cerato- 
miarus, CeratopSj with beak-like skull and one or more pairs of horn-like 
processes resembling those of cattle; BrontoUieHum of North America 
and Europe, estimated at 50 feet in length and 20 tons in weight, and 
lastly the but partially known AtlanUmiuru*t with a femur more than 
six feet long and probably the largest land animal yet known. 

Among the Reptilia also occur the strange fiylng Pterodactyles, per- 
haps the earliest animals, insects excepted, which possessed the power 
of rising into the air. G<*ology has not revealed the remains of any 
true bird of date coeval with them. They were not, however, birds at 
all. but flew as bats, by the aid of fla4)s of the skin carried on the enor- 
mously developed phalanges of the limbs. "The greater number of 
the bones were hollow and frequently provided with pneumatic fora- 
mina as those of birds. The brain was bird-like and the skin was 
probably naked. The order ranges from the Lias to the Upper Chalk. 
In spite of the many remarkable resemblances in structure to that of 
the carinate birds it is clear that the Pterodactyles are altogether off the 
line of direct avian descent." In some of these strange animals the 
teeth arc totally absent (Pteranodon). In others both jaws are toothed 
to the extremities. Some were small — only a few inches in length- 
others had a spread of wings equalling twenty-five feet. All have long 
been extinct. 

Leaving the reptiles for the birds, we pass over what was once con- 
sidered, perhaps, the greatest gap in structure in the whole animal king- 
dom. The transition from the cold-blooded, creeping reptile to the hot- 
blooded bird is certainly as great as can well be imagined. But this gap 
has been so completely filled with the many forms that palaeontology 
has discovered that it has absolutely disappeared and the diflficulty now 
is to distinguish the bird from the reptile. The only evident external 
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mark that remains is tho prcsoDce of f<»atlu»rs *'whirli aro totally un- 
known among reptiles. " Evi»n this ie**t howi-ver would fail if some of 
the earlier feathered forms were ranked (as they w«»ll might be. this 
single character apart) with reptlh*s. One of th** most remarkable 
chapters in paUeontoIogy and in the evolution of animal life is that in 
which is trac*»d the discovery of the forms intermediate' N-twiMMi th«'>e 
two groups. Scarcely a link is missing. Ar^luroitteryx, the reptile 
bird of Solenhofen. led tlie way, if wr omit st»me |H>ssibiy avian foot- 
prints in the Conn<H'ticut va!h»y, and was, after a hmg interval, followinl 
by the toothed Hesp4»rornis of North .\merica. the t<>*»thles> AepyorntH 
of Madagas«'ar. and the Apteryx of New Zealand. 

Among the carinate birds to which most of the existing sp<*<-ies belong 
we have also a toothed and a tixithless series, tlie former extinct and 
ctmsisttng only of the genus /e/ij/ij/f#rniy which tin* author places here, 
rejwtine the order of Ohtutornithei* projHtseil by Marsh to include this 
and UixftcntrniM. 

The to*»thless division of the carinates inchid»'S a number of forms 
many of which are almost nH'ent, some haxij'gbeen exterminated by 
the agency of roan. None are older than ih«' Cretacet)us and by far the 
greater number are only of Tertiary age. They include amoiis; others 
a penguin, the great auk. woodcocks and plovers, bustards, cranes and 
rails, turkeys, pheasants, and grouse. quaiN and piseons. the Dodo of 
Mauritius. gecM* and ducks. albatn>><«*< and frigat^^-birds, vultures, fal- 
cons, and bu/zartls. owls, parrots and c«K-kai«Kw. kinetish«'rs. woodpeck- 
ers swallows. >parrows. crows, etc. 

On the whole the story *>f the evolution of the binl is the most wtm- 
derful that has b»H'n read to us by the paI;iH>nioloirist and it has b«'cn 
well brought up to date by the author. The tyjn' specimens an* s<*at- 
leretl in the various museums over m.> larsre an arra, and the literal ure 
t»f the "iubji-ct is dis|H'rs»^ in the journals and pn»«*tHMiings of so many 
^'ieniitir so»ii-ties. that it has b«H'n no liirhi ta^k to colKvt it as li«' has 
ht-n* done. 

Of tin- • "Laracters of the Mammalia a few on'y can b«» t»mploy«'tl in 
pa:a'or.:«.'"^y — thos<» for th«» most part K-loiurir-g to the hard parts of 
\\.v *«*^ly. Tl»e liouMe art:«Milaiion i»f the craiiir.ui with the atlas, tlu' 
firm '.:.•• 'i: of tlie rami of tl.r Iow»t jaw, the ab<«-n«'v of a i^ua^Irate Ixme 
and •♦f a m^^^e:l^^ 'oiiit b»t\\t»'n thr pr«»\imal a:ul distal tai^al Nmes 
an* ti.t- Ti:«"i' ::n*,'«»riant and i:srf':l. TIm* sirKeVin^ of ♦*..»• teeth is of the 
fr^t \a".:t'. *• 'tL f^r the id»';!!:*'oaiion of f.»s^n forms* and for thetracinsr 
t * J- t'>:ra' •.r.f'i. As misla lH*e\jKVU^i fnun t:i»* av.ihor's longexjieri- 
*••.-*. a\.i cr»u'. far.-//.".arit\ with his >i;*^^vt, liu* work is wi«:I down to 
ii »>- :i. :!.•>< n <t-vis. Al*. the latot n-^'arv he> o!. the evolution of the 
Ti'.".:'t'!'.N r^ \'ar mamma'.hui tiH^tli fr\>ni that >:M.:'*rr eoi;iv'al and uni- 
f.N'n.'uiar :«-■:!. That charat';eri.«d the ni''*':a:\ i»r»ti»cessors and an- 
i-^-^tors I'f t* «• M jic.ma'.ia aix- br-^^usht ir.to s^rv » e, ar.ii it is easy to p«T- 
c»-:v»- '.{a* *'.•■ :*■-. n-.a:;\ caps st;!* n^main. vt-t T-n lii.t- of thr devdop- 
r>-r.t "f •'•..-* .»,-^.»;.^ :> rapul!\ N ::ijr !^av<^l ai.d *^!'«\i. Thes«» results 
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arc largely due to the labors of American palaoontologists working on 
the abundant material that the new states of the west have afforded. 

The chasm existing between the mammals and the reptiles is now 
more obvious than that which formerly existed between the latter and 
the birds. But Just as the one has been almost filled up, so the other is 
rapidly becoming less profound and abrupt. The few links supplied by 
the scanty existing marsupials and monotremes are of inestimable value, 
while the fact that all the most ancient fossil mammals belong to one 
or other of these groups is intensely significant as indicating the line of 
descent. 

Only three monotremes are known now to be in existence, the duck- 
bill and two ant-eaters in Australia and in New Guinea, and these the 
author says, cannot be regarded as ancestral types. It is worthy of re- 
mark that though the monotremes hold the lowest rank among theMam- 
malia, yet the oldest mammalian fossils are placed by all among the mar- 
supials — an inversion of the order of development probably due to the 
imperfection of the record. This is far from surprising when we look 
at the very scanty nature of the material that we possess regarding these 
<'ar]y animals and that this little is in most cases limited to a few lower 
jaws and teeth. No fossil monotremc has yet been found of earlier 
date than the Upper Triassic and these are only two detached teeth of 
Mierolestes and one of Trlglyj)hU8 {Tritylodon). The slowness with 
which the early mammalian remains are coming to light is very remark- 
able. Nearly fifty years have passed since Prof. Pleininger found the 
two teeth and a few small fragments of bone of Microlestes near Stutt- 
gard, and Prof. Emmons met with three Jaws of Dromatherlum sylvetttre 
in North Carolina. Yet in all this long interval no other specimen of 
the^e has been discovered and only one species has been added to the 
scanty list in a single tooth of Tritylodon. Nature seems to be unwill- 
ing to disclose her first imperfect attempts at producing the Mammalia 
— she hides ** her 'prentice ban'. " 

From the Triassic to the Eocene, over-leaping the Jurassic and Cre- 
taceous systems, we must pass before we find the earth tenanted by any 
higher form of mammalian life than the marsppials. In the Eocene we 
meet the earliest specimens of the Ede9itcUa, or sloths, a peculiar order 
widely differing from these above them in their imperfect dentition 
which exhibits some indications that may be construed to imply degen- 
eration. 

It is not a little singular that no remains of fossil sloths have 
been found in Europe, nor does any animal of this order inhabit that 
continent at the present day. South America is now, and apparently 
has always been the metropolis of slothdom. There lived the Olypto- 
dans, huge armadillos six and eight feet in length; MegaUierlum, SccU- 
ilotherium and Mylodon^ sloths rivalling the Rhinoceros in bulk and 
eapable of pulling down for food, the trees, which they were unable to 
climb. 

Most of the fossil Edentata are of late Tertiary date — Pliocene or even 
5 
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Pleistocene — the genera Monypu/^ and 3forot7t«rtum of Marsli beinf^ re- 
jected from this order and referred to the Ungulata. 

Like the UdenUiUi.^ the cetaceans first occur in tlie Eocene but 
abounded in later eras. Their exact ancestry is at present unlcnown 
though there is little doubt that they have descended, as Flower has 
suggested, from forms resembling the present ungulates. The same 
author infers that they at first inhabited fresh-water, in as much as 
their remains have not been found in the CYetaceous rocks. All are now, 
however, marine. 

The sirenians also occur first in ihe Eocene, and have ever since "beeu 
steadily dying out. " To this result man has contributed by exterminat- 
ing the sea-cow of Behring's Island, aljout 120 years ago. Only one or 
two skeletons of this remarkable animal are now known in the mu.seums 
of the world. TRo palaeontological importance of the Sirenia Is small. 

The ungulates an> palasontologically the most important of all the 
mammalian orders. Of the seven suborders, Into which it is divided, only 
four contain living species. Of the three extinct suborders one ArrUdif- 
poda — contains the huge Coryphodon of England, and North America, 
the TJintaiheHum of Wyoming, and some other similar forms. The pal- 
8Bontology of one of its families — the JXriocerata — affords a good illustra- 
tion of the fragmentary condition of the geological record. The author 
quotes the following from Prof. Marsh : 

**The fossil remains of this group have hitlierto been found in a 
single Eocene lake-basin in Wyoming, and none are known from any 
other part of this country, or of the Old World. These gigantic beasts 
which nearly equalled the elephant in size, roamed in great numbers 
about the ancient tropical lake in which many of them were entombed. *' 

The suborder Con^i/lart/ira is also entirely extinct and was principally 
Eocene in age. Its most interesting member was Phenacodas prinwRmis 
from the Lower Eocene of North America, an animal which Prof. Cope 
regards as the original type and probably the ancestor of all existing 
ungulates. 

Of the suborder TorxodmUia all the species are also extinct. They 
were apparently Intermediate between the Perlssodactyla, ProhoHcideay 
and Rodentia, 

Two other of the suborders of the ungulates are apparently on the 
verge of extinction, the Hyracoidea which contains only two genera, 
and the ProhOBcUlea which now has but two species. These latter — the 
elephants of India and Africa — alone on earth now represent the group 
which contains the well known fossils DInotherium, Mastodon and 
Mammoth. 

To the two remaining suborders — the Artiodixctylu and the PerissO' 
dactyla — belong the groat majority living and extinct of this order and 
on them consequently the greatest interest and attention are concen- 
trated. It is needless to remark that the subject is treated with a full- 
ness and care which the great experience and learning of the author 
would lead us to expect. Space forbids anything like analysis and re- 



Het'iew of Recent Geological Literq,ture, 67 

mark upon the article. On one point alone we will venture to express 
dissent. Writing of the ancestry of the horse he says : 

** Ck>nsidering that a parallel series of generlcally identical or closely 
allied forms occurs in the Tertiaries of both Europe and North America, 
it has been suggested in both continents a parallel development of the 
same genera has simultaneously taken place, that is that in both regions 
AtvchiiherrXwrn has given rise to Hipp(irio?i, and Hlpparion or an allied 
form to Eqiius. Now seeing that It is evident that in the case of species 
of a single genus the evolution has taken place in separate lines, that is 
to say, that the existing Indian species of Canln are probably derived 
from the Pliocene forms of the same region and the Brazilian species 
of that genus have their predecessors of the Cave-epoch of that coun- 
try, there appears no logical reason for refusing to admit an analogous 
parellel evolution in the ease of genera, and there is, accordingly, a con- 
siderable probability that the hypothesis may be true. Prof. Cope con- 
siders that in one country Protohipjms and in the other Hipparkni was 
the immediate ancestor of Equtui,-* 

In regard to this we may be allowed to remark that if we understand 
the hypothesis aright there is a very wide difference between the two 
cases. While all the Canid^e of one country may have been derived 
from the Tertiary Canidoe of the same region we do not know any case 
in which this process has resulted in the production of an identical 
species in two places. It seems scarcely credible that conditions should 
in two distant areas be so closely alike as to yield the same outcome. 
The admission of this position consequently does not lend any support 
to the other. That two distinct lines of descent through distinct 
genera should end in producing a single and Intensely specialized species 
on the two continents is to our mind in the highest degree improbable. 
Moreover, when we consider that communication has been repeatedly 
opened between the continents during the Tertiary era it is not neces- 
sary to maintain a hypothesis that makes so great a demand on faith. 
It seems a more probable view that after reaching a certain stage of 
development on both continents the race was cut off on one and then 
reintroduced from the other. 

A few pages only are devoted to the Bodentia which excepting Cas- 
toroides, are chiefly small. The Carnivora are well treated in 35 pages. 

The Insectivora and Cheiroptera follow, and the author then reaches 
the, primates. It is not a little curious to note that this — the order to 
which roan belongs — is of a date as early as any of the placental Mam- 
malia, several species of the platyrhine section occurring in the lower 
Eocene of North America and in the upper Eocene of Europe. The 
Catarhines, however, only appear in the Miocene while the HomlnUhv 
are, in the author's opinion, of Pleistocene or very late Pliocene date. 
He considers, and with justice, that all evidence of an earlier date for 
man is at least uncertain, if not improbable. 

In conclusion it is refreshing to the classical pol»}on otologist to see 
the author's efforts to reduce wherever possible the barbarisms which 
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have been inflicted on tlie nomenclature of the scicneo by ignorance 
and recklessness. In not a few cases they have corrected errors in 
spelling and formation by giving the proper term as XetuispUt, Hynpso- 
ilontUJcc^ Pl4itycaru8f Hoploaaurus, etc., and they recommend the form 
Theromorpihfi instead of Thenmwra, Other valuable suggestions in the 
same direction are also made, the adoption of which would much im- 
prove the literature of palaeontology without in most cases any counter- 
vailing disadvantage. 

Of the care and accuracy that mark the execution of the work it is 
impossible to speak too highly. Some evidence of them can be found 
in the fact that in a thorough examination for various purposes we have 
detected only a single misprint in all its 1,500 pages — Rhynchodes for 
Kh\pfichoduft ( on page 952 ). This is, as might be expected, repeated in 
the index. 

We shall not, at present at least, follow our authors through the 
pala>obotanical part of the w^ork where we miss the master-hands so 
evident in the palffiozoClogical. This part is confessedly only a compila- 
tion, but a good one, of our present knowlege of the subject. We leave 
them with a feeling of gratitude for the great work which they have 
acomplished and with the hope that they will live to bring out anoth<>r 
edition which the progress of their science will assuredly before long 
reiidor necessary. 



CORRESPOKDENCE. 



Dr. Franklix C. Hill, Cukator of The Geological Museum at 
Princeton College, for some years past, died in the early part of Novem- 
ber. Though not well known to the outside world, Dr. Hill was an 
<'nihusiastic worker in his department, and the museum in his charge 
will long be a witness to his skill in arranging, and his neatness and 
clearness in labeling his specimens. Some years ago Dr. Hill published 
a immphlet illustrating the plan he had adopted of mounting every 
vertebrate bone so as to show its natural place in the skeleton. This 
system gives great additional value to the series of fossil Vcrtebrata at 
Princeton. 

Dr. Hill is also well known to entomologists for many valuable obser- 
vations and for a set of large drawings (since photographed and kept 
for sale) of the stag-beetle — Lucanus cervus, and the ground beetle — 
Hurpalus cnliglnosus^ showing full details of their anatomy. 

E. W. Claypole. 

Prof. W. M. Davis on the Iroquois Ueacil The critical note, in 
the December issue of the Geologist, on the Iroquois Beach by Prof. 
Davis needs no other reply than a calling of attention to his remarkable 
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confusion of different papers, by different autliors, on different subjects. 
It is he, not I, who hypothecates that " a large river ran out of lake 
Iroquois to the soutliwest,*' uj) an elevation of several hundred feet; 
lience his remarks are not germane to ray memoirs — "The Iroquois 
Beach ; a Chapter in the Geological History of Lake Ontario.*' Trans. 
Roy. Soc. Can. 1889 ; or tlie paper on " The Deformation of the Iroquois 
Beach and Birth of Lake Ontaiio." Am. Jour. Sc. Vol. xl, Dec. 1890. 

J. W. Sl'EXCEIt. 

TuE Organizing Committee Int. Cong. Geol. I notice I have made 
unintentionally a grave error in the report I sent you for the Ameuican 
Geologist, from copying the list of members of the committee from the 
original list instead of as afterwards added to. Please add the names of 
T. Sterry Uunt, Porsifor FrazeT and E. D. Cope, and if the article has 
already gone to press, have this letter inserted as soon as ])ossible with 
my sincere apology for this error, which I have just noticed in my copy 
of the article sent you. Cordially yours, 

H. S. Williams, 
Sec. of the Organizing Committee, Int. Cong. Geol. 

IViacu, Nov. 27, 1890. 

The Vote ok the Bureau Int. Cong, of Gkol. Changing the Sks- 
HioN FBOM Philadelphia to Washington. An official communication 
from Prof. II. S. Williams, Secretary of the Committee on Organization 
of the International Congress of Geologists In the last number of this 
Journal calls for a few words of comment. 

It will strike those who know the facts strangely, tbat in what pur- 
ports to be an authentic list of the members of the committee the names 
are omitted of just the only three members who have persistently op- 
posed the absorption of the Congress by the U. S. Geological Survey, 
and the change of its place of meeting; viz: Drs. Hunt, Cope, and 
Frazer. This omission, however, was a<*cidental and has b<»en satisfac- 
torily apologized for by the Secn*tary, both by a correction to appear 
in this number, and by a personal letter to myself. The following par- 
agraphs, however, remain open to explanation, viz : 

** Thirty-six ballots were received : of these thlHy-thrcc were in favor 
of Washington. 

"These repreMctit tJie metnbeni from Great Britain, France, (termany, 
Australia, Austria. Belgium, Hungary, India, Italy, Portugal, Kou- 
mania, Russia, and the United States. Xo negative votes were reeeived 
from countries outside of America. 

**The majority of the Bureau as well as a majority of the American 
Committee, thus expressing Uielr preference for Washitiginn^ it was 
voted to hold the next session of the International Omgress of Geolo- 
gists In Washington," etc., etc. 

Of the English members of the Bureau, Dr. C. LeNeve Foster wrote to 
the undersigned (June 15, 1890): *• We In Europe must do whatever you 
deride In America.*' Dr. Barrois of France wrote (June 28, 1890): •• It 
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appears to mc difficult to interfere in the geological struggle between 
Washington and Philadelphia. It is essentially an American affair 
and you do not like old Europe to meddle in your affairs; but you ap- 
pear to me to be largely In the right," etc., etc. 

Dr. V. Zittel, of Germany, in reference to the question of post inning 
the Congress, takes the following ground: ** I would leave the decision 
of the question to the American organization committee and will agree 
with its conclusion," etc., etc. 

The late Prof. Neumayr remarked on the same subject: **I see no 
objection to make if our American colleagues think It useful to the ends 
of the Congress." 

Prof. Huxley on the same subject said: **I can only say that I shall 
acquiesce in the demand of the majority of my colleagues." 

Col. Delgado, of Portugal, writes: ** In my correspondence with 
Messrs. Hulke and Topley, General Secretaries of the Congress of 
Jjondon, while accepting the change of place of the session of the Con- 
gress from Philadelphia to Washington, I expressed myself formally to 
the effect that the American geologists are better able than their Euro- 
pean colleagues to choose the city where the Congress should be held as 
woli as to fix the time at which it should take place," etc., etc. 

Prof. Vilanova y Piera, of Spain, writes: **The protest of yourself, 
8terry Hunt, and Leidy against the decision of the General Committee 
proposing to hold our future Congress in Washington instead of Phila- 
delphia, has caused me a disagreeable surprise. ♦ ♦ ♦ Its wish 
[the General Committee's] in no wise, but on the cx)ntrary the agree- 
ment unanimously arrived at in London, sluiLl prevail. Please, then, add 
to your protest that of, Yours, Prof. Vilanova y Piera." 

Prof. Capellini, of Italy, writes: ♦ ♦ ♦ "As for me I have deter- 
mined to hold myself neutral, for the question cannot be well under- 
:4t()od except by Americans." 

Prof. James Hall says: « « « '* While originally I could have had 
no objection to going to Washington, I now feel that we have violated 
faith with Philadelphia." 

These are some of the responses which have been received which are 
far from justifying the portion of the official announcement italicized. 
It is not the province of the writer to explain the discrepancies between 
the views expressed to him by the above members of the bureau and 
tlioso re(K)rted in the official announcement, nor to decide whether 
there be an error on the part of the General Secretaries, Messrs. Hulko 
antl Topley, or on the part of Prof. H. S. Williams. 

The undersigned merely says that the statements in Prof. Williams* 
report do not correspond with information obtained directly from many 
persons included under them. Peicsifok Fkazkr. 
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In Sciknce, Dec. 5, 1890, Mr. H. M. Ami publishes a letter 
49howing that he is not satisfied that the '' Hudson River '* rocks as 
understood by Emmons, can be correlated with the Lorraine 
«hale. He has seen no reason, either stratigraphical or paleonto- 
logical, to warrant it. He intimates that the term Hudson river, 
being used confusedly, and never fully defined, and apparently 
embracing several faunas that are distinct, might be omitted from 
geological nomenclature. At the same time he says there is a 
fauna, represented by species different from the Lorraine, apparently 
in the Levis part of the Quebec formation, which marks a dis- 
tinct paleontological horizon, about on the horizon of the Chazy 
of New York, which could appropriatel}- bear the name Quebec. 
This he is inclined to consider the horizon of the Citidel Hill rocks 
at Quebec. 

Dr. Andrew C, Lawsox, late of the Canadian Oeological 
and Natural History Survey, has accepted a position on the teach- 
ing staff of the Universit}- of California, at Berkele}'. We wel- 
<H>rae Dr. Lawson to the south side of the international boundary, 
and we hope he will conclude to become permanently identified 
with the scientific work of the Great Republic. 

The Alabama Industrial and Scientific Society was orga- 
nized at the University of Alabama, Thursda}*, Dec. 11th, 1890, 
with 70 members. Its ob}ects arc the promotion of the industries 
of the state, and the furtherance of scientific investigation of the 
problems arising in civil and mining engineering, geology, smelt- 
ing, and the manufacture of coke. 

Tbe ofidcers for 1891 are : President^ C. Cadle, Gen'l Manager 
Calioba Coal Mining Co., Blocton; six Vice PresidenU^ viz.: 
Thomas Seddon, Prest Sloss Iron and Steel Co. , Birmingham ; 
€. P. Williamson, Prest. Williamson Iron Co. , Birmingham ; W. 
E. Robertson, City Engineer, Anniston ; J, W. Burke, Prest. 
Tivdegar Co., Jacksonville ; M. C. Wilson, Prof. Natural Science, 
Normal School, Florence ; Col. Horace Harding, U. S. Engineer, 
Tuscaloosa ; Treasurer, Henry McC alley, Ala. Geol. Survey, 
University Ala.; Secretary^ Wm. B. Phillips, Prof. Chem. and 
Met. , University Ala. 

The annual fee is $5.00. The society will meet three or four 
times a year at different places in the state, for the reading and 
discussion of papers, which will afterward be published. Tlie 
next meeting will be held in Birmingham, Jan. 28, 1891. 

The Eighth Volume of the Reports of the Geological Survey 
of Illinois has been printed, but awaits an appropriation ])y the 
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Legislature before the edition can he bound. A small number of 
copies have been bound and distributed. 

The Second Annual Meeting of the Geological Society of 
America was held at Washington, Dec. 29-31. There was a large 
attendance, and numerous papers were read. The matter which 
was presented was so voluminous that it was necessary to divide 
the meeting into sections which were in session cotemporaneoush'. 
It is impracticable to present here even abstracts of the papers 
read, but as the}' may appear in the future publication of the 
bulletin of the societ}' they will be further noted. In the absence 
of the president, Prof. J. D. Dana, and of the first vice-president, 
Prof. J. S. Newberry, both because of illness, the session was 
presided over by Prof. Alexander Winchell, the second vice- 
president The meetings, which were continued forenoon, after- 
noon and evening of each day, were held in the Columbian 
University. 

The following was reported as the result of the elections for 
1891 : President^ Alexander Winchell, Ann Arbor, Mich. ; Fir$t 
vice-president, G. K. Gilbert, Washington, D. C. ; Second vice- 
president, T. C. Chamberlin, Madison, Wis.; Secretary, H. L. 
Fairchild, Rochester, N. Y. ; Treasurer, H. S. Williams, Ithaca^ 
N. Y. ; Councillors for one year. J. C. Branner, Little Hock,. 
Ark. , Geo. M. Dawson, Ottawa, Ont. ; Councillors for two years, 
E. W. Claypole, Akron, O., C. H. Hitchcock, Hanover, N. H. ; 
Counctllors for three years . I. C. White, Morgantown, W. Va. , 
J. J. Stevenson, New York, N. Y. ; Editor, W. J. McGee,. 
Washington, D. C. 

Diamonds have been ForND recentlv in Wisconsin a few nule» 
east of the Mississippi river, in the vicinity of Trempeleau. They 
were known to occur several years ago, but had not been brought 
to the notice of experts till recently, when they have been ap- 
proved by Mr. Gko. F. Kunz, who read a paper on the subject at 
the late meeting of the Geological Society of America at Wjish- 
ington. The}' were discovered in washing gravel for gold, and 
seem to have been derived either from an outcrop of crystal I ine^ 
schists, or of a coarse conglomerate, which bcjth occur near tiie- 
spot 
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REMARKS ON THE GEOLOGY OF THE CONCHO 

COUNTRY, STATE OF TEXAS. 

By Otto Lrrch, M. A., Ph. D., San Angelo, Texas. 

Since a joint publication b>' Prof. A. T. Cummins and myself 
entitled *' A geological survey of the Concho country,"* I have 
studied the beds Iwtwecn the Lower Cretacic, the Trinity sands of 
Robt. T. Hill, and the Permian, which are well exposed a few 
miles west of San Angelo, near the center of that section of 
Texas. I am now inclined to think that this gi*oup of strata are 
of Triassic age, and may be a southwanl continuation and thinning 
out of the strata three hundred miles northward called Jura- 
Trias by Jules Marcou, the occurrence of which below the '* staked 
plains " was announced man 3' years ago by him. 

Great denudation has laid bare several hundred feet of strata 
in vertical hight around the town of San Angelo. The waters of 
the Concho rivers follow the southeasterly dip of the Lower Cre- 
tacic formation and have cut through the chalky deposits of the 
Comanche series ; their valleys graduall}' widen and after a com- 
paratively short course of from forty to eighty miles, a number of 
these rivers and creeks unite a few miles west of San Angelo, where 
they cut down to sandy and clayey deposits with a north-west(»rly 
dip. This unconformity of the Red beds with the overlying sili- 
xjeous strata below the Lower Cretacic, and the Red beds offering a 
stronger resistance have caused the waters to spread, and they have 
formed a beautiful and fertile valle}^ from twenty to thirty miles in 

♦Amekican Geologist, June 181)0. No. 0. 
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widtli whii-ti is still widKiiin<; towartis tLc (!List wliere tbov liuvc uu- 
(.■overwl tlie undertyiug Carlwnio rocks. Bnck waters haVc cut 
(ienj) clinnDcIs into the rctrcatiDg Cretacic, and C9- 
l>oi-ially i>i-omineiit of tbese is the Soutli Concho 
ri^er with a leiijitli of about foitv miles. The 
larger number of tliese rivtn-s anil creeks are fed 
f liy lK>ld Hprings. Love creek, for iuataiicc. breaks 

ifj_ from the Crctaeie roeks, ii ready stream not lesR 

than twenty feet wide by one autl n-half feet in 
<ie|»lli. Tlie Si>uth Coinlio river and Spring creek 
hiive their .wnries in a numlntr of springs of art«- 
=.i sian character, liK-ated in tlie center of shallow ba- 
ll sins of eonsiderahle size. That the deep and wide 
^1.5 vallej-H of the Concho rivers cannot liave lieeu 
:^-^ formed under the present climatic conditions but 
I haie been worn out by greater I'olumes of water, 
■? probably the inland sea which once covered the 
^ ''Staked plains,'' lias liecn referred to in tlie pajier 
4 mcniioned alK>ve. R. T. Hills v Staked Plain 
■J Series " covering the Civtacic of that western section 
£ = of Texas, and cousisting of lieils of more recent 
X i origm. seems to proie cone I immU the existente of 
^ S, such a sea in ]iost-( ret.u ii tiniLs Huge dLposita 
^^ « of conglomerate comjHised of m it<ri il dL^^ed from 
" .^ the adjai.-eut CretiUic stiiita uiompin^in^ the rn 
£l?erMand creeks a I on^ thur toursi nen aft^r their 
£s i-onliuencc Ik-Iow tin k\\\ of ■'in Vn^lo for miles 
t^ and the lower dip of tin umkrMing md idjoimn^ 
:.^ deposits, uppeui'ing almost in a horizontal |K>sition 
._. and which never lunt, bcin disturlitd li Molcnl 
volcanic eruptions. spuiK <tf last lolumesof w ittr 
which have bi-oken tin hard I own (.ntatH lime 
stone deposits to fiagmenta and han rolled the 
blocks Iwfore them till on aiihing theol lerform 
ations with their opposit* dijw and consequmtlj 
inci-eased resistiince, they have slackenc"! their swift 
cnri-cnt, grinding the material finer and spending 
their energy in widening their bed. The large fragments of con- 
glomenite of cemented materials of every size, large blocks and 
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smiill pcbliles. the immense wi<ltli of tlic valle,>' (if llie muiti Coueho 
river, the Hoor of which is tlie deposits of older formatious with 
nil opposite; dip, the same level of the Lower Crctucir biittea and 
«Muarpmeiits l>oundiDg the vallej' on either side, and tlie whole ap- 
penranct- of the country prove c'onclusively that it owes its to|>o- 
grapliy U> denudation, and timt aerial cnrrents had eompai'ativcly 
little to do with its present surface appearance. Such conglome- 
rates as seen along the rivers of the Concho countr\' often fifty 
feet high could only have i>ecn formed through the inimen.sc pivs- 
vast volumes of water in channels witi) little fall. 




PlO.2. Pro/l/f ('/ tlf S'lrlh CniKh' 
.. „.jiiesti>i><' crniKlomeralf. 
'i. Yvltnw iiiniciicsfiiii liiiirsUiiif . 

As mentioned liefore this enormous denudation has laid liare 
the limestone deposits, clays and sandstones of every quality and 
color, representing various gi-ologieal ages. Beginning in the 
western part of Tom Green county, the middle Con<'ho river, 
having its source on the foot of the "staked plains *' with an 
easterly conrse, crosses the different strata of the Comanche 
series, the probable Jura and Trias of Marcou. the Permian of 
Boll, Cope and others, and on reaching Concho comity has un- 
covered the Carlronic rocks. 

Near the top of the Permian ex|>osed at Ben Fielin on the bank 
of the Middle Concho river lies a deposit of an ai^illiiceous mag- 
nesian limestone of a yellowish color containing a nnm)>er of well 
preserved fossils enumerated in the formerly mentioned article. 
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which leave no doubt that these and the strata below are of Per- 
mian origin. 

Above this fossil if erous limestone rests a quartz conglomerate 
about twelve feet thick. The pebbles are well water-worn, of 
small size and bound with a siliceous and irony cement The 
conglomerate is stratified, dips towards the northwest under a 
steeper angle, however, than the underlying Permian deposits, 
and ip occasionally interspersed with large blocks of green and 
red speckled quartzyte. Tlie conglomerate is very hard, takes an 
excellent polish and is of a j'ellowish-i'ed color. Above it lies a 
series of red and yellow colored clays and sandstones about one 
hundred feet thick, overlaid by lighter buff and whitish coloi-ed 
thin beds of loose friable sandstone and clays about fifty feet thick, 
followed unconformably by the Trinity sands. I have called this 
complex of sti^ata commencing with the quartz conglomerate and 
overlaid unconformably by the Trinity sand a southward thinning 
out of the Jura and Trias on account of its lithological character 
and stratigraphic position, not having been able to find fossils for 
confirmation. Along the Colorado river about thirty' miles north 
of San Angelo gypsif erous strata are exposed above the l)eds de- 
scribed. R. T. Hill, in speaking of the Trinity sands, remarks :* 

' * The writer has made sufficient observations to prove beyond all 
doubt that they are newer than the gypsum-bearing beds of Texas 
and that there is a stratigraphic nonconformity between them, as 
seen at Sweetwater mountain, Nolan county, Texas, and at Tu- 

cumcari mountain In geneml lithological appearance and 

in occurrence of saurian remains, these beds l)ear striking resem- 
blance to the Atlantcjsaurus beds of Can3^on City, Colorado, and 
Como, Wyoming. " It has Ijeen justl}^ remarked that the strati- 
graphic position of a series of beds even when different in litho- 
logical character from the underlying and overlying deposits alone 
does not prove their age and so long as there are no fossils found 
and described the age of the enumerated strata may not be con- 
sidered conclusively determined. However, this characteristic 
conglomerate indicates a total change in the topography of this 
section at the close of the Permian, and doubtless has been formed 
by strong currents along a coast line. The quartz pebbles consti- 
tuting it, though small and well water- worn, still enclose large blocks 

♦Arkansas Geological survey. Annual Report, vol. ii, 1888, p. 125. 
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of quartzyte, remnants of the original material from which it has 
been derived. I have traced this conglomerate for nearly twenty 
miles toward the north and its stratigraphie position with the beds 
above, below the Trinity sands, and Hill's notice indicate an im- 
mense extension and uniform conditions existing at a time when 
probably after a long period of land a new submergence of this 
section of western Texas took place, or rather, frequent though 
slow and gradual oscillations were changing its character from a 
sandy beach to a muddy sea and again reversing the process of 
submersion and emersion. As these beds are lithologicall}^ so 
different from the strata above and below and as they are uncon- 
formabl}' overlaid and underlaid by the lower Cretacic and Per- 
mian I feel justified in considering them pre-Cretacic and post-Per- 
mian, and probably they may be the continuation and southward 
thinning out of the Jura and Trias, and propose for them the 
)iame of the San Angolo beds. 



RECENT EARTHQUAKES IN NICARAGUA. 

By J. CKAW70RD, Manaerua, Nicaragua. 

A number of earthquakes, some of them quite severe, were felt 
in and near the city of Granada, Nicaragua, commencing Slst 
ultimo, (Aug. Slst, 1890,) at 10 :30 o'clock a. m., and occurring 
at intervals, of half an hour to three hours until the morning of 
the 3rd instant, then occuiTing at intervals of from 24 to 36 
hours until the 22d instant. 

On the 3d instai^t. I was i-equesteii by Dr. Don Roberto Sacasa, 
president of the republic of Nictwagua, to visit the earthquake 
locality and examine and report on the phenomena, depth and 
form of focus, epicentrum, angle of emergence, amount of oscilla- 
tion, direction and velocity of transit, probability of recurrence, 
<»tc*. The investigation was commenced in the city of Granada, 
-on the afternoon of the 3d instiint. The city was nearly depopu- 
lated b}' the flight of its inhabitiints, no lives were lost, no person 
received serious l)odily injuries, although near that city the hori- 
zontal inclination of the waves from a peri)endicular ( half the 
angle of oscillation) was about 23°, 17'. A few old adol>e 
houses with tile roofs were partly destroyer I and many tile rmrf 
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houses with good abobc walls were cracked and otheinvise injure<I. 
About 400 infantry, mounted and on foot, were patrolling the 
streets and guarding the property of the absent citizens. None of 
the professors in the * ' Institute Nacional de Oriente. " nor in any 
private schools in that city, so far as 1 was able to leani, luut 
made notes of the phenomena, nor improvised an}- seismologicaf 
meters, nor motors, neither noted the st'conds of time of occurrence* 
of any of the waves of force, nor the temperature or ntmospheric 
pressure ( two or three doctors of medicine made notes of the 
minute of occurrence of some of the earthquakes and their probable 
direction of transit ). The clocks and watches in that city are not, 
generally, regulated to correspond with any one chronometer. 
The foregoing will explain the frequent use of the word *• about " 
in place of a definite expression in the following. 

The city of Granada is situated in a Mi(H»ene and Pli<)t»ene 
volcanic formation, on the we^t side of lake Nicaragua, alwmt 
30 miles east from the Pacific ocean ; the deepest ravines and 
craters of volcanoes and wells ( GOO feet deep ) present uncom- 
pacted rhyolitc*, traclij'U*, andesite, phoiiolite, basalt, pumice, scoriae, 
sanidin, and other forma of igneous and aqueo-igneous volcanic 
materials : about three miles south and southeast from the ritv 

• 

is the northern f(X)t lint» of the Tertiary part of the Cenozoic area. 
Volcano MoMHAriio and its nuniemus variously shaped monticules, 
also situatcHl on the west side of lake Nicaragua, all together have a 
bjise of alK>ut twelve miles in diameter. About four leagues to tlu^ 
southetust of ^loMBACiio is the equally lai^e mass of volcanic mate- 
rials, erupted in Tertiary times, named volcano Zapktkka and form- 
ing a peninsula in the lake; about six lejigues to the soutliea^st of 
Zapetera, in lake Nicaragua, is the large island which was formed 
!)y till' now inactive volcanoes Omktepe and Madeua that originaUHl 
in the Quaternary i»p<M!h ; far to the southeastward ( 80 to 40 
lejigues) is the Costa Hica group of smoUlering, inactive and 
possibly some extinct volcanoes, originating in Tertiary times and 
continuing into the Recent epoch. These, Madera, Omatvi>e» 
Mouibacho, with Masaya, Mometcmiba (0,400 fi»et liigh ) and 
a few other inactive and extinct volcanic massi*s in Nicaragua, 
form the links in the chain which connected the San Salvador 
and the (^>sta Rica groups of volcanoes. Enormous quantities of 
the l<M)se material, fn)m all the volcanoes in San Salvador, sontli 
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western part of Honduras, and the northwestern part of Nicara- 
gua, since the fonnation of these volcanoes liave been swept by 
torrents and rivei-s into the Pacific ocean, along and near to the 
western coast of Nicaragua, and this is still going on. These 
materials have formed there an extensive deposit probably more 
than 20, 000 feet deep. These facts account for, or arc in some waj'' 
connected with, the apparently complete removal from the former 
juitive volcanic region in Nicaragua, of the Indro-thermal forces 
which were once lar&:elv intiuential in causing and continuing 
volcanic activity and earthquakes in that region. 

Some of the [ihenomena noted by me were local, the surface 
waves of force not extending over an area of more than 30 miles 
in diameter, or if beyond that not sufficiently perceptible to be 
worthy of note. The waves along whose very irrcgularl}' curved 
line of transit the greatest disturbance was observed werc about 
three miles ( semi-diameter, the other half of the diameter was in 
lake Nicaragua) southeast, south and southwest of the city of 
Granada ; along on the side, near the foot of the large, ugly vol- 
canic mass, MoMBACHo, at lake Apoyo ( situated in a crescent- 
shaped crater one-half mile wide and one mile long and 300 feet 
<leep) Haciendas Carmen andFuentas, Monticule l^ilon. Haciendas 
Agosto and La Uoyo ; thence eastward into lake Nicaragua. The 
city of Granada was outside of the circle of greatest disturbancH*. 
The focus was beneath lake Nicaragua a few miles north of the 
inactive volcano Ometepk about 15° east from south of the citv 
of Granada, and extended westwani. The oscillation of the 
severest wave felt in (iranada was fully 11°, 47', fi'om a jx^rpen- 
dicidar, and sufficient to cause a bell, fixed about sixt\' feet above 
Uie surface of the street, in a tower at the nortlieiust corner of 
Anglesia Merce<l, to incline and strike the iron clapper suspended 
in it and sound out loudly three protractinl noti's. (This, 11°, 
47', was one half the angle the bell would have to pass thn)ugh 
to strike the clapper, but it is adopted because tlic clapper was so 
attached to the bell as not to be perfectly fre<^ to retain its p<'rp(»n- 
dicular position when the bell was inclined.)* 

If the clapper had been frce to reUiin a peri>endicular position 

*I ma«le several trials incliniog a similar bell (fr<M', not ti\<Ml. in a 
tower), having a similar clapper and attachment; the clapper always 
inclined with the boll 8° to 10°, before swinging loose and returiilni: t<» 
a perpendicular ]>osition. 
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and in the center of the bell, then the latter would have had to in- 
cline about 23°, 17', to have struck the former with sufficient 
force to have produced loud sounds. 

The diameter of the surface waves where the horizontal element 
was sufficient to be noted, was about 30 miles. The focus was al)out 
6,!)00jards deep below the earth's surface; this was calculated 
from the curved seismal line extending through the places where 
the force at the surface was noticed to have been gt-eatest, and from 
the probability that the diameter of the surface waves there, where 
the horizon till inclination was at greatest angle with the declining 
oscillation and the focus, was the base of a cone whose api(^al 
angle was 70°, 32'. The strongest wave extended for about 30 
miles into the Pacific ocean ; a few others extended about 20 
miles, and several only nine to twelve miles from Monticule Pilou 
on the line of greatest disturbance. 

The velocity of transit of the spherical waves through the not 
firmly compacted volcanic formation was al)Out 6,000 feet per 
second. This was ascertained bv three fortunate exoeriments. in 
similar materials between two stations 9,55G feet distant fmm 
each other and about 200 feet deep in volcanic craters. The 
velocity of the surface waves was much gi'eater than that of the 
spherical waves. I could not get reliable information. The tele- 
graph operators at the stations, (jranada and Masa^-a, 12 miles 
from each other on the railroad between lakes Nicaragua and Man- 
agua, were not sufficiently active, and the clocks did not corre- 
spond ; but it was about 10.000 feet per second. 

The moon was about SvzvjEries : the season of the year, winter or 
rainy season, but unusually dry fn^m lake Nicaragua to the Pacific 
ocean ; no corn, grasses or vegetalilcs had pnxluced crops this 
.season in the western thinl of Nicaragua. The remaining two- 
thirds of the countrv had an abundance of rain at this season of 
the year, as usual. In Managua, church bells were ^tolled and 
prayers for rain were offered. The larger number of the earthquake s 
were felt during strcmg currents of wind. No unusual metei'ologi- 
cal phenomena were observed between the 3d and 12th inst. , 
although several earthquakes were experienced between those 
dates in the locality of the city of Granada. 'Ilaz}*, murky, 
atmospheric condition prognosticating earthquakes" — I have frc- 
(|uently and anxiously looked for such a condition of the atmo?- 
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phei-e to be followed bv earthquakes but always have been agree- 
ably disappointed in this and in other countries when studying 
<iarthquake phenomena. It Is full time, I believe, to expunge 
such unsustained statements from our climatic and seisraological 
literature. »Since the commencement of the earthquakes, domestic 
jiniroals such as cows, horses, etc. , were noticed to graze all day 
near the houses and not go out as usual, far into the postraros for 
grass ; also wild animals, as the deer ( Cervus nicaraguensis), came 
out from their usual places, the ravines and woods on the sides 
iind near the tr>p of the extinct volcanic mass Mombacho, and were 
found in numbers herding with and hiding netu' the cows, near the 
houses or residences on the haciendas. 

The motion felt during the first six da^'s as described by nearly 
4ill persons, was, at firsts jarring, as if the earth oi^ which the}' 
stood had suddenly dropped down and come in contiict with a 
solid i)ortion ; then the motion during the remainder of the shock 
was undulating as if the /Carth beneath them was sliding fn)m 
place to place against other parts of the earth in an effort to be- 
<*ome permanently adjusted. The sound which preceded and accom- 
paniefl the first motion during the first few days, was a grating, 
grinding noise, rumbling like the sound of heavily lojided cart 
wheels over cobble paved streets. After the 5th or 7th instant, 
the sounds, motions ( and causes ) of the waves wen» very differ- 
<'nt from those al>ove described ; the motion wsis that of true 
horizontally incline<l pi-ogressive waves, and the sound was rough, 
gurgling, bubbling, as if of water at 212° Fah., or greater tem- 
perature. The first waves were elicited by the sudden shrinkage 
of the g(H)logical formations, and often repeated efforts to attain 
ecjuilibrium between the friction and gravity at some point where 
the loss of heat had been much more rapid towaixl the interior 
than at the surface ; and the frequent i*ecurrence of the shocks 
for sevend days until the 7th instant, was, I am i^ei-suaded, from 
<*onsidering all the phenomena, mechanical energif, causing change 
of position and foi-m, and readjusting and compacting of the 
volcanic materials. There are man}* reasons to believe that the 
formations, from surface to focus, and even deeper in that locality, 
iire composed of l(K)sely compacted materials with many cavern- 
ous places, rendering contraction and sudden shrinkage probable 
<K»currences. The mechanical enci*gy .also. I believe. occnsi<med a 
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few small, iri*eguhir fissures, near the shrunken and compacted 
materials extending from the focus or near it, up to the bottom of 
lake Nicaragua, thi-ough which water circulated. These waters 
found access to a temperature of about 400 Fah. , and generated 
aqueous vapors until their elastic force was sufficient, assisted 
most pix)bably by other gase^ of greater elasticity, to cause the 
esirthquakes and the sounds associated with them, from the 6th to- 
the 22d instant. There were no indications observed of vortical 
motions, nor of that class of earthquakes. Neither was there any 
of the bounding or tossing up movement, nor deafening sounds of 
the explosive type of earthquakes. If the water fi-om lake Nicar^ 
ngua found access to the geothermal plane where the focus of the 
first earthquake was found to be, it is reasonable to conclude that 
this is the process by which are formed caverns containing liquid 
rock materials and elastic gases and aqueous vapors ; and that 
these will incixiase in size, quantity and elastic force, luitil 
sufficient force hjis accumulated to upheave and eject the super- 
imposed masses, in other words, commence volcanic activity, like 
volcano Taraw^ara in New Zealand ; this activity once originatetl 
will continue so long as lake Nicaragua, like the lake rmce exist- 
ing near volcano Tarawara, previous to tlie eruption of that 
volcano, supplies the water necessary for its promotion. Stmng 
alkaline waters at 400° Fah. , in long contact under a pressure of 
3 or 4 miles of superimposed material will, no doubt, dissolve all* 
kinds of nwks, and the dissolved material will occupy much less 
space than when in a loosely compacted condition. Consequently 
the caverns that are formed are constantly increasing in size, 
allowing for a constant increase of the materials that promote vol- 
canic energy. But earthquakes appear to have cease<l in tliat 
locality, perhaps because the fissurc»s iiave i)een closed by shrink- 
age or filled with ix>zzuolano or other hydraulic cement. 

The facts observed during the recent earthquakes assist \\\ 
establishing the following in i-eference to this class of physical 
phenomena. 

1st, They frequently are the result of sudden shrinkage from 
greater contraction in the interior along certain radii than at llie 
surface — Mechanical energy. 

^«f/. Thev mav and often do orij^inate locally a few miles onlv 
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beneath the earth's surface, and give no indications from which a 
liquid condition of the interior of the earth could be supposed. 

Srd, They may be local on the earth's surface, and do gener- 
ally cease when the causes (contraction, shrinkage, etc.), have 
ceased. 

Jiih, The '* waves" of force in earthquakes are sometimes both 
low and rapid. 

6th, When caused b}- contraction and sudden shrinkage the}' 
produce a more consolidated condition of the formation, from the 
surface to the focus. 

6th, At the same time they may cause fissures about the focuis 
and originate caverns partly filled with liquid volcanic rock or 
with elastic gajses and vapors, and these may become the primary' 
reservoirs for volcanic materials and forces, from which in course 
of time may be ejected lava and vapors and cinders. 

7ih, It is possible that the liquefaction of rocks and formation 
of elastic vapors and gases may cease before the forces are 
BufiScientl}^ strong Uy result in volcanoes, beeuuse of the closing 
by some natural cementing process of all tlie fissures througli 
which alkaline waters can find access to the heated interior. 

The difiQculties attending the study of earthquake phenomena 
during the exciting times which they cause are numerous, various 
and great ; after they have ceased it is almost impossible to obtiiiu 
reliable information about them even fix>m those persons who are, 
in other circumstances, usually calm and observing. To portray 
some of the difficulties, I relate the following, a part of my 
recent experience : Early in the evening of the 5th instant, my 
party (consisting of four intelligent gentlemen, myself and two 
servants ) amved to remain all night, at Hacienda Fuentiis, situ- 
ated on the line where the greatest disturbance had been observed ; 
night had fallen and a dark rain-cloud was rapidly approaching. 
The dwelling house was an L shaped, tile roofed, building with 
adobe walls, of which the south and west walls had fallen during :in 
earthquake on the 1st instant, and the I'oof on those sides wtus 
supported by posts ( See plate II). The tiles on the roof had been 
disarranged in many places or thrown from the roof ; t<^) the north 
was a smooth *' patio'' or yard about 100 feet squai*e; all, hou.se 
and yanl, occupied the top of a knoll of volcanic materials. The 
** major domo' ' or suix^rintcndent and several men living (in great 
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fear) on that estate declared to usthattheyai'd was **/ttW offiwures, 
whose open mouths had been closed b}' sweeping dirt, etc., into 
them.'' The darkness was too intense, and our lamplight too 
feeble in the wind to permit us to see distinctl}^ that night. The 
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relators knew that tliov wt»iv tollinir us a fitJsehood which we 
would certainly detect the next morning and that they might be 
severch' punished for attempting to misinform us. They were 
not trying to frighten us, neither to jmrtray in false colors the 



Recent Earth(juakes in Nicardgua. — Crawford, 85 

disastrous condition of the premises. The}' were counting beads 
on rosaries and saying prayers most of the time, yet there were 
no fissures, not even a superficial one, in or near that yard. The 
next morning they declared to us that they had witnessed » * the 
ground open in several places in the yard during the severe earth- 
quake on Monda}' of 1st instant, and supposed the openings had 
closed," and that ** the boys had covered the tracks over with dirt 
when sweeping the yard. " They honestly believed that they had seen 
the ground open during an earthquake. There is a popular belief 
afloat in countries where earthquakes are felt, that during a severe 
earthquake, the earth is si»en at various places to open into numer- 
ous fissures then close again, without leaving any other evidence of 
a rupture than the false and frightened relator. While at the 
Hacienda Fuentas, about 7 o'clock p. m. , there arrived during the 
rain, nearly exhausted and much frightened, a man, woman and 
two children, and stated that about one-half hour previous, and 
about one mile distant, they were under a tree near their house, 
near the foot and north of Monticlue Pi Ion, when they felt a 
severe earthquake, and witnessed a fissure open in the earth over 
three feet wide and extending many feet into the woods. We had 
felt that shock ; it was not roraarkabl}* severe, but the fissures 
were not found, although the man and woman faithfully assisted 
us the next day in our attempt to find them. That part of their • 
story was false, although they fingered the beails on their rosaries 
as they persisted next day in declaring that they had witnessed 
"the ground near them open during the earthquake" and they 
markefl out for me the exact place, and they believed that they 
were telling the truth. None of these relatoi-s were stupid; on 
the contrary' they were intelligent enough to make; money and live 
with the comforts usual to that locality. These are fair examples 
from a mass of statements made to us by different persons, and they 
correspond with tales told me during the examination of earth- 
quake phenomena in other countries. Unquestionably there is much 
diflSculty during and immediately succeeding severe earthquakes, 
in commanding the mental faculties so as to keep them in a con- 
dition suitable for cool, critical observations. I have had volun- 
tary experience several times in severe earthquakes, and in long 
contested battles where several thousands of men were engaged 
in deadly contest. In battle there is to sustain one, a conscious- 
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noss of lK*injy in the rigbt, raemor}' of loved ones at home, 
gallant IT of companions, hope of victory, pride, ambition, etc., 
hut in a severe earthquake there is experienced an absolute isola- 
tion and consciousness of the inability of any person or thing to 
assist, or to help out of the difficult}' ; as you move your foot 
forwaixl and downanl, for a secure resting place, it goes on, down 
and down, until suddenly and roughly arrested by a strong, un- 
seen, approaching force ; as the eyes look out for information they 
MH» everything in a disturbed condition, apparently hopeless and 
in helpless attitudes. Therefore, earthquake phenomena are 
-tlitficult to study ; stoical persons observe only what tlieir pre- 
viousl}- detormineil opinions dictate, and nervous j)eople see mi'th- 
ical wonders innumerable and indescribable. 

There uciH)rapanied me during the many days we were engjiged 
in the examination herein related, at my request, Pn>f. »Senor Don 
Alberto (lanioz. Ph^'sical Science and Chemistry, Instituto 
Nacional <le Oriente, (.rranada ; Pn>f. Santiago Onlozgoite, Mathe- 
matics. Institute Nacional de Orienti*, Gninada ; als<i Mr. S. II. 
Young, of Philadelphia, Pa. , resident in Oranada. whose knowledge 
of the <H>untry roads, acquaint^iuce with people in the Haciendiis, and 
quick observation and pnictical way of criticising what we saw 
and heanl, were of sjreat jissistiuice to us: also. Mr. I. L. SuUi- 
van, t>f Philadelphia. I^l. , resident ir. Granada, an educateil mechan- 
ical enijinei»r familiar with mechanical laws and foivcs. His obser- 
valii»ns aiul photogniphs and diagrams wore of much assistance. 

J/'/j*«F7i/»», J\Vfv»/-fi7>/#r, Sept. 27. l^'.^o. 
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•FrxMii iho Q'iart«*rlv Journal of ilir iJooK^ci»':iI S<vioiv. Nov. !•**'>, 
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movements, " 3'et such crust-movements had not been tested in the 
American lake-region. Again, from the time of early geolc^ieal 
investigations in America, statements are found that the basin» 
were the rc»sult of erosion ; but the methods of erosion were not 
explained, and this was the more necessary as most of the basins 
have rock-bound outlets. Later in some geological literature, the 

• 

method of excavation was hypothetical ly attributed to glaciers. 
Such was the unsatisfactory condition of our knowledge of the 
problem when the writer firat commenced the study, in attempting 
to solve the origin of the Dundas valley, at the wcsfcjfn end of 
lake Ontario, more than a dozen yeai*s ago. This investigation 
has developed results bearing not only upon the origin of the lake- 
basins, but also upon the physical histor}' of the lakes, and 
broader questions of the building and sculpturing of the continent. 
The methods of investigation have been the studying — ( 1 ) of 
the hj^drography of the modem lake-basins and submerged chan- 
nels upon the coast of America : ( 2 ) of the deep wells bored into, 
or through, the drift Deposits, by which buried channels, and 
their relation to or contrast with the modern valleys, have been 
discovered ; ( 3 ) of the elevation of the continent ; ( 4 ) of the 
direction of the glaciation in the lake-region ; and ( 5 ) of the now 
high-level beaches, in which are recorded continental uplifts, to- 
gether with the deformation of the old surfaces, owing to unequal 
terrestrial movements or warpings of the earth's crust* The 
lakes which have been the basis of the more careful investigation 
are Ontario, Erie, Huron, and Michigan, with the respective alti- 
tudes of 247, 573, and, of the last two, 582 feet above the sea 
( see the map p. 87. ) 

2. Features of the Ontario has la. 
Lake Ontario, as was shown in an earlier publicationf, is a basin 
bounded on its southern side by escarpments, often precipitous, 
of which some of the steps are now submerged. At the foot of 
the submerged escarpments a valley like that of an ancient river 
may be recognized from the western part of the lake to near the 
eastern end, but there it disappears, for reasons to be noted later. 

*In the field-work I here acknowledge the assistance of professors 
D. F. H. Wilkins, W. W. Clendenln, and W. J. Spillman. 

t** Discovery of the preglacial Outlet of the Basin of Lake Erie into 
that of Lake Ontario," by J. W. Spencer; Proc. Am. Phil. Soc, Philad. 
1881. 
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The deepest part of this valley is 738 feet beneath tlie surface of 
the lake. From this trough tlie floor of the lake rises gradually, 
or with (x»c'asional low steps, to the northern shoi*e. In short, the 
basin wais once an old land- valley traversed by a river. At the 
western end of the lake borings have revealed an old channel, 
having a lateral depth of 292 feet. This is the continuation of 
the canon of the Dundas valley, which is about two and a half 
miles wide, bounded by rocky walls nearly^ 500 feet high, capped 
with Niagara limestone. Down this valley the waters of the 
ancient Erie basin once flowed*. 

If the waters of lake Ontario were withdrawn, its present basin 
would be a broad valley, continuous with that of the St. Lawrence 
valley, having a breadth of thirty or forty miles. Into this plain, 
at a point about twenty miles east of Toronto, there is a channel, 
approaching the shore, whose bed is 474 feet below the surface 
of the laket, but with boundaries submerged to only 200 feet. 

This depression trends southward and joins that at the foot of 
the submerged escarpment before mentiouodt. 

3. Ftaturea of the Erie basin. 

The floor of lake Erie is a broad flat plain, now raivly sub- 
merged to a depth of more than 84 feet, and usually less. Only 
a small area, situated directly south of tlic westeri} end of lake 
Ontario, is of greater depth, and there the greatest sounding is 
210 feet J. But from this region the Erie valley was drained by 
the Grand river and Dundas valleys into the western end of lake 
Ontario, as was shown in 1881 ; for the Niagara river did not 
then exist Numerous tributaries of the modem shallow lake 
flow over deeply buried channels, the deepest of those discovered 
being 228 feet below the lake-surface, as described by Dr. New- 
berry ||, although the floor of that portion of the lake is nowhere 
over 84 feet below the surface of the water. 

Similar channels, buried to depths below the floor of the east- 
em end of lake Erie, near Buffalo, have been described by Dr. 
Julias PohlmannT^. The l>orings into many others in the region 

♦See "Discovery of the Preglaclal Outlet of lake Erie," etc. 
fSee British Admiralty chart of lake Ontario. 
JSee U. S. Lake-Survey charts of lake Ontario. 
JSee U. S. Lake-Survey chart of lake Erie. 
IGeology of Ohio. 

•[Paper read before the Amer. Assoc. Advanc. Science, lj<83. 
8 
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of the western end of the lake have been reoorded b}^ Prof. T. 
Starry Hunt*, and prove the existence of similar buried channels. 
The original recognitiont of the valley-like character of the ba- 
sin8 of Ontario and Erie was based upon the above-mentioned 
characters, and upon others now supplemented by n more perfect 
collection of facts ; but the greatest difficulty was in the occur- 
rence of the rock-bound outlet of lake Ontario, a difficulty which 
observations have at last dispelled, as will be seen later on. 

4. Features of the Huron basin. 

The southern half of lake Huron is a plain traversed by valleys 
and submerged to form onlj* a shallow lake. Northward of this 
shallow basin, and extending obliquely across the lake for ninety 
miles, there is a submerged escarpment rising to a hight of from 
300 to 450 feet, facing north-eastward. The deeper part of the 
lake then trends northward in the direction of Georgian bay. At 
one point the extreme depth of the submerged valley reaches 750 
feet. The absolute depth of the i"Ock in the deepest channel be- 
tween lake Huron proper and Georgian bay is not known, but 
soundings show 30G feet ; and as there is a deep channel upon the 
western side of Georgian bay it becomes highly probable that a 
deeper and connecting channel is filled with Drift, like those 
known to occur elsewhere, beneath the lakes. From the straits, 
between the islands, the nanx)w channel in Georgian bay, just 
referred to, extends south-eastward and is submerged to a depth 
of 510 feet. This is at the foot of the Niagara escarpment, 
which extends, as a strong topographic feature, from the head of 
lake Ontario, and, rising in places to 1,700 feet above the sea, 
into the peninsula between Georgian bay and lake Huron proper. 
The channels at the foot of escarpments, submerged or otherwise, 
in lake Huron and Georgian bay are fragmentary records of the 
history of the lake valleyst. 

5. Features of lake Michigan. 

This lake is divided into two basins. The more northern and 
larger basin has a maximum depth of 864 feet. It is, in part, 
liounded by vertical submerged escarpments, one of which, upon 

♦See Report Geol. Canada, 1803-60. 

f See *' Discovery of the Preglacial Outlet of lake Erie," etc. 
JSee U. S. Lake-Survey chart of lake Huron, and the Canadian 
chart of Georgian bay. 
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the eastern side, has a hight of 500 feet. Whilst the deepest 
sounding at the modem outlet of the lake is only 252 feet, there 
are adjacent channels buried to unknown depths. But these have 
been imperfectly explored. Into this shallower portion of the 
lake, however, the fjord of Grand Traverse bay has a northemly 
trend; it is 612 feet deep. This and the lesser fjords indicate 
the existence somewhere of a deep channel connecting with the 
Hui'on basin, as much as the river-valleys buried beneath the 
Drift materials of the modern floor of lake Erie prove deep 
channels throughout that basin, although not shown by the sound< 
ings ; for the lake Michigan valley is carved out of undisturbed 
and almost horizontal Palajozoie rocks, the newest of which are 
Ooal-Measures. 

The southern basin of lake Michigan is separated from the 
northern by a plateau submerged to a depth of from 300 to 342 ; 
whilst the southern basin itself is now 576 feet deep. The area 
of this portion of the basin is now much smaller than that of the 
pre-Pleistocene vallc}', as its margins have been filled with Drift, 
and now form broad plains bounding the lake. Beneath these 
deposits is a deeply buried channel, leading to the valley of lake 
Huron, and to be noted further on. 

6. Buried valleys revealed by borings. 

The deep wells revealed the existence of the buried channel 
down which the waters of the Erie valley originally drained, and 
thus established the relationship of the Erie with the Ontario 
basin. But the most important series of borings were those be- 
tween Georgian bay and lake Ontario, for here we have the con- 
necting-link between the valleys of the upper lakes and that of 
lake Ontario, and indeed the key to the origin of the valleys of 
the lakes. 

Between Georgian bay and lake Ontario, a distance of about 
95 miles, a portion of the country is comparatively flat or com- 
pose<l of a series of rising plains ; but there are also high trans- 
verse ridges of Drift, having a general trend of east and west. 
It is upon the northern side of the Drift ridges that lake Simcoe, 
with a diameter of about twenty miles, is situated. But upon the 
northern side of lake Simcoe there is another series of Drift ridges 
trending towards the north-east. Both of these series of ridges 
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rise to between 200 and 550 feet above lake Huron, these measure- 
ments being the extreme variation in their hight. 

From Georgian bay to near lake Simcoe, for a distance of thirty 
miles, the country is low and flat, with a known absence of rock 
to far below the level of the ba}'. Lake Simcoe is 140 feet above 
Georgian bay, but upon its northern side, at Barrie, a well has 
been sunk in the Drift, without penetrating it, to a depth of 280 
feet below its surface. Thirty miles further inland, south of lake 
Simcoe, at Newmarket, a well was in the process of being bored. 
It had reached a level below Georgian bay and was yet in Drift 
deposits when visited. In another well, several miles to the west- 
ward, near the side of the ancient burieil valley at Beeton, rock 
was reached at 50 feet l)elow the surface of Georgian bay. 

Between Newmarket and Richmond Hill there are several deep 
wells on the heavy Drift ridges which cross the countr3\ ^^^ ^^ 
Richmond Hill, at a hight of 217 feet above Geoigian bay, there 
is a well 400 feet deep without penetrating the Drift This proves 
the thickness of the Drift of the higher ridges crossing the old 
valley north of the well to be not less than 700 feet in the old 
channel. Southward of Richmond Hill the country falls away in 
a series of more or less rolling steppes to lake Ontario, but these 
plains show the alisence of rock along deeply-eut valleys to far 
below the level of the upper lakes. Upon the western side of 
this chain of l>orings, but a few miles distant, there is the Niagara 
escarpment Upon the eastern side of lake Simcoe the country is 
covered with flat limestones, rising to 150 feet above that lake. 
From the known absence of rocks along the line of borings and 
stream excavations, between a high mountainous escarpment upon 
one side and a rocky floor upon the other, and from these borings 
reaching to 200 feet or more below the upper lakes, without pene- 
trating the Drift but stopping in quicksand, there has been dis- 
covered the existence of the only channel of antiquity which could 
now draw off the waters of the upper lakes, if the Drift were re- 
moved. Although none of the l)oring8 have reached the original 
rocky floor, yet the depth of the buried valley is suggested by the 
channel close upon the northern side of lake Ontario, now sub- 
merged to 474 feet, which is deep enough to drain the last drop of 
water out of lake Huron. 

TVo have now foun<l one continuous channel from lake Michigan 
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tlirough lake Huron and Georgian bay, and thence buried beneath 
Drift deposits until it is again recognizable throughout nearly the 
whole length of lake Ontario, being joined at the western portion 
I)}' an ancient outlet of the Erie valley ( the ancient Erigan river). 
But the relative maximum depression of the channels, as far as 
explored, is disturbed by terrestrial warpings to be described here- 
iifter. 

Across the southern part of the peninsula of Michigan, between 
hills rising upon either side to bights of sometimes 800 or 1,000 
feet above lake Huron or lake Mic^higan, there is a valley whose 
western portion is occupied by the Grand river,, and the eastern by 
a small river emptying into Saginaw bay. At the divide be- 
tween these rivers the land does not exceed 1 00 feet above the 
lakes. The topographic features of the valley show its original 
opening as having been into the Huron talley by Saginaw ba}' ; 
but a considerable proportion of the modern drainage is in a direc- 
tion opposite to that of the valley, or flowing towards lake Michi- 
gan — that is, tlie drainage ban been reversed. The maximum 
4lepth of the western portion of this burie<l valley is not known, 
but there is an absence of rock, as shown in several borings, to 
between 100 and 200 feet below the lake-level. But farther east 
in this trough tliere are several deep wells, in one of which the 
Drift is 500 feet below the floor of the side of the valley, or 350 
feet below the surface of lake Huron*. Hence we have established 
the great depth of the buried valley between the southern part of 
lake Michigan and lake Huron, whose ancient river I name the 
ITuronian. 

Other buried valleys and channels submeiged could be given, 
but they all indicate the origin of the basins of the lakes as the 
valleys of a great river and its tributaries — a river of such high 
Antiquity that the rains and rills had alrcad}' ground off the sur- 
niunding hills to broaden the valleys. But for all this evidence, 
there arc now rocky barriers forming an apparent obstacle in the 
way of a complete solution of the problem. 

7. T/ie Glat'tation of the region. 

At the present stage in the investigation this subject can be 
quickly dismissed. The question whether glaciers can erode great 

•This is at the Sanitarian well at Alma, Mich., tho riM-ord b<Miig fur- 
nlj»h«d by Prof. Charles A. Davis. 
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what are the maximum soundings in the river, yet the okl channels 
are so filled with Drift tluit their depths are not revealed. Still, 
we know that in one portion of the cliannel cut out of limestone 
and more or less filled with Drift, the sounding is 120 feet. A 
short distance beyond, the channel across the Laurentian gneisses 
shows soundings of 240 feet. The maximum depth of the lake- 
basin is 738 feet. The deformation recorded in the beaches is 
more recent than the episode of the upper till. Consequently, 
if the continent were at a high level, with the warping, known to 
lijive occurred since the Drift was deposited, removed, as shown 
hv the above figures, there would be not only no barrier, but a 
sufficient slope in the Laui*cntian valley for the drainage of what 
i.s now the Ontario basin. 

Furthennoi'e, the presence of the rock barriers of the rapids of 
the St. Lawrence, further east, are wholly accounted for by the 
terrestrial warpings of the region. Hence, I have demonstrated, 
svft<»r a decade of study, that no barrier existed across the Ontario 
valley when it was being carved out by the ancient St. Lawrence, 
and that this ban'ier is of quite modern origin. 

South-east of Georgian baj' the average measured warping is 
four feet per mile, in mean direction of N. 20® E. This will ac- 
count for a portion of the barrier closing the Georgian outlet of 
lake Huron. The more elevated beaches in the region of lake 
Huron record a still greater change of level. 

At the outlet of lake Erie, Mr. Gilbert and myself find a differ- 
ential uplift of about two feet per mile, and this is sufiScient to 
account for the recentlj^ formed basin of lake Erie. 

The warping affecting the Michigan basin has been that towards 
the north and east ; and even in the buried channels south of 
lake Michigan there is no evidence of an ancient drainage to the 
south, as tlieir beds were too high compared with those of the 
northern, although the latter have been elevated recently by 
warping. 

10. Conclusions from (he observations. 

The valleys of tlie great lakes here studied are the result of the 
iTosion of the land-surfaces by the ancient St. Lawrence ( named 
Laurentian) river and its tributaries, during the long perio<l of 
continental elevation, until the streams had reached their base- 
lines of ert)8ion, and the meteoric agents had broadened the val- 
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leys. This condition was at the maximum just before the Pleisto 
cene period. 

The closing of portions of the old Laurentian volley into water- 
basins occurred during and particularly at the close of the Pleis- 
tx)cene period, owing, in part, to Drift filling some portions of the 
original valley, but more especially to teirestrial warpings of the 
earth's crust, which, to a sufficient degree, is measureable. 



THE AGE OF THE CINCINNATI ANTICLINAL, 

By Aug. F. Fokbste, Gambridsp, Mas-s. 

Exposui*es of Cincinnati group formations in southwestern 
Ohio, even when of considerable length, show a striking horizon- 
tal disposition of strata. Only when outcrops from distant local- 
ities are compared can their connection with the Cincinnati 
anticlinal axis be recognized. By many this axis is believed to 
have advanced bej'ond incipient stages of formation, if not to 
have attained complete development, in Lower Silurian times. 
Even ripple marks, mud cracks and rain drop impressions are 
fited from the Cincinnati group rocks of anticlinal regions, in 
support of contemporaneous shallow water cx>nditions. Accept- 
ing the validity of this evidence for the present, how does this 
prove that shallow water conditions, thus inferred, were caused by 
the presence of the Cincinnati anticlinal axis, and were not also 
prevalent in neighboring i*egions now forming the lower flanks of 
the axis. Until ripple marks, mud cracks and rain drop impres- 
sions can be shown to characterize the axial, more elevated 
I regions of the anticlinal, and to be absent from its less elevated 

I Hanks, no such wide and general deductions can be made with 

.safety. 

Consistent with the view which places the incipient or even the 

■ 

!• final development of the Cincinnati anticlinal axis in Lower Silu- 

rian times, later strata of Upper Silurian, Devonian and Carlx>n- 
iferous age, are believed to have been deposited, with this 
anticlinal axis as their core, and its debris as the source of the 
materials necicssar}* to their formation. As evidence of such a 
relation a conglomerate is cited already- from the base of the 
Upper Silurian formations surmunding this axis, in the Clintcm 
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group west of Belfast, Highland county, Ohio. Specimens col- 
lected by Prof. Edward Orton, and kindly loaned to me by Prof. 
John S. Newberry, show the cement between the pebbles to be 
abundantly supplied with fossils. A dozen species were recog- 
nized. One of these, Stix^topora similu Hall, has hitherto been 
described only from the Niagara group of Indiana. The remain- 
der are all well known Clinton forms. Among these are Cyclone- 
mil bitix Connid, Or this hiforata Schlotheim and Strophomena 
rhomboidalis Wahlenberg, the easily recognized Clinton forms of 
species also (x^curring in Lower Silurian strata along this anticlinal 
axis. The OrihU has two plications in the mesial sinus instead 
of thi*ee as commonly the ease in related representative Lower 
Silurian types in this region. All remaining forms are character- 
istic Clinton species, not represented by close allies in Lower 
Silurian straUi. The Clinton age of the conglomerate is therefore 
undoubted. The pebbles however are unfossiliferous; their age 
could therefore not be determined. Still less is it possible to 
designate their source. That the}' were derived from debris arising 
from suba6rial parts of the Cincinnati anticlinal axis is purely 
conjectural. Their source may have been in exactly the opposite 
direction; it is unknown. The lithological character of the 
pebbles does not demand even an original association with Cincin- 
nati group rocks, since there is nothing very distinctive in the 
mere fact that the pebbles are formed of a bluish limestone. 

The pebbles are drab-blue in color, with the exception of one 
pebble with dirty white or brownish white tints. The largest seen 
was two and a half inches long with nearly the same breadth, and 
a quarter of an inch in thickness. From this size they dwindles 
down to small rounded grains. Their contours are subangular, 
but their angles are rounded. Their surface is not smooth and 
even, like that of pebbles subjecteil to ccmtinuous abrasion, but is. 
marked by pits varying from u millimeter in depth to an occasional 
depth of four or five, and a width of six or seven millimeters. 
These pits were evidently formed by the corrosive action of the 
sea. In the presence of active currents abrasion is naturally in 
excess of corrosion, and pebbles formed under such conditions 
would not show the little pits here in (|uestion. The Belfast 
pebbles have evidently suffered, before being imbedde<l, from cor- 
rosive influences which were in excess of those of jibrusion. 
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They raseiable therefore the limestone pebbles of many less im- 
petuous fresh water streams where abrasion plays a less important 
part, owing to the small velocity of the current. Such an origin 
cannot, however, be predicated of them. Their presence is cer- 
tainly suggestive of shallow water condition over this part of the 
Cincinnati anticlinal region during the Clinton period. 

Recent examination of Clinton oolitic iron ores has shown that 
in many places most of the so-called oolitic grains are the rounded 
fragments of small bryozoa, more or less replaced by iron ore. 
Sometimes the original bryozoan structure is not much altered and 
only the cell spaces are filled with iron ore, which also in this case 
probably represents original calcite material, that part wliich had 
penetrated into and filled the cells of the original bryozoan struc- 
tures. Grains may be found where both the calcite of the 
bryozoan grains and their cell filling are unaltered; where the 
calcite of the bryozoa has been more or less replaced by iron ore, 
and is in marked contrast with the unaltered calcite oell-filling; 
where the calcite of the bryozoa is but little altered and that fill* 
ing the cells is more or less replaced by iron ore; finally, where 
the calcite both of the bryozoa and that filling their cells are re- 
placed by iron ore. In the last case the replacement may be so 
oomplete that the original bryozoan structure can no longer be 
detected. It will be remembered that in s|)eaking of the Belfast 
conglomerate, pebbles were said to decrease in size until the 
smallest were only of the size of small grains. It is likely that 
some of these so-called oolitic grains, in which no structure i^an 
be detected, represent such fragments of older limestones, not of 
immediate organic nature, now replaced by iron. The general 
cement enclosing the grains is sometimes replaced by iron ore, 
while part of the included grains are still unaltered; reversed c«m- 
ditions are also frequent. These bryozoan remains were detected 
abundantly in the Clinton oolitic iron oix3s of the All^hanies. 
They were examined only at one locality in the neighborhood of 
the Cincinnati anticlinal — the upper courses of the (Minton 
group along Todd's Fork, north of Wilmington, Ohio. 

The presence of these small rounded bryozoan fragments is chm'- 
tainly indicative of the contemporaneous existence of currents. 
Such currents, however, might have been active in the deeper sea.s. 
and the existence of currents is therefore no indication of shalhur^ 
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water conditions. In the present instance there is a probability 
that shallow water conditions were prevalent; the evidence for this, 
however, is not given by the br^'ozoan fragments, but b}' the peh- 
hhs in the Belfast conglomerate, only thirt\*-two miles southeast of 
the Todd Fork locality. 

Do these facts prove the existence of the Cincinnati anticlinal 
in Clinton times? Certainly not; the}- merelj' suggest the exist- 
ence of shallow water conditions over certain areas in Ohio, on 
the eastern side of the anticlinal crest. They do not exclude 
similar conditions over Clinton areas now low down on the flanks 
of the anticlinal. The probability is that shallow water condi- 
tions prevailed from Cincinnati group to Clinton times, in south- 
western Ohio. To what extent these conditions were general in 
neighboring areas is not shown by the facts cited. 

In the Niagara and Lower Helderberg groups succeeding the 
strata just discussed, the general supply of calcium carbonate de- 
creases and that of magnesium carbonate increases. The result 
finds its expression in the few layers of true limestones, and in 
the general prevalence of dolomitic rocks. In the eaiiier strata 
of Devonian age the decrease of calcium carbonate becomes stiU 
more general, silica and clay ingredients appear abundantly and 
at less fitful intervals. The result is the continued appearance of 
dolomitic rocks, and the increase of shales as characteristic and 
important parts of the geologic series. In later Devonian strata 
the calcium carboftate plays an inconspicuous part; silica and clay 
ingredients form prominent constituents of the rocks. Even 
dolomitic rocks are scarce or altogether absent, and shales form 
the great mass of later Devonian strata. In Waverly strata east 
of the anticlinal, actual sandstones in which quartz is the promi- 
nent constituent begin to be prevalent, and in some parts of this 
formation the quartz grains are of sufiflcient size to be called peb- 
bles. The quartz pebbles increase in size in later formations, and 
at the opening of the Car)x>niferous age, strata are found which 
full}' merit the title — quartz conglomerates. 

Now it is evident that the pebbles of these quartz cM)nglomer- 
ates were not derived from the limestone areas of the Cincinnati 
anticlinal axis. Prof. Claypole has shown a general increase in 
the size of these quartz pebbles towards the east and has inferred 
a source from that direction. It is evident however that none of 
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the SAndstones, whether containing quai-tz pebbles or onlj' small 
quartz grains, could have l)een derived from Cincinuati>afiticlinal 
regions, since the 9izt of the quartz fragments is simply a-ques- 
tion as to the degree of comminution sustained. The earliest 
sandstones therefore, of Devonian age, are proof positive of- a 
source of material different from the Cincinnati anticlinal area. 
Some of the Devonian shales, however, contain minute fragments 
of quartz grains readily visible in sections under the mici'oscope.' 
The larger of these also could not have come from the anticlinal. 
It is only a question therefore of numerous slides from various 
shales intervening between later Devonian and Clinton times to 
determine the earliest date at which the shales of Cincinnati 
group age covHd no longer have provided the materials for the 
shales of certain later strata. Ver^ minute quartz grains may be 
present in Cincinnati group shales, and may have found their way 
into later formations. 

When the rapid succession of shales and limestones in the C in- 
cinnati group is considered it seems impossible that the great mass 
of Devonian shales could have derived the necessary materials for 
their formation from anticlinal regions without a much more pny- 
nonnced intermingling of limestone elements from that source. 

It is evident that an area which has become a seat of deposition 
ceases to be a source of supply to other formations. Thanks to 
natural gas excitement, and to Prof. Orton's skillful utilization of 
its results, we know that the anticlinal areas of Ohio now covered 
by strata of later than Clinton age show everywhere, at the 
proper horizons, characteristic Clinton strata. Connecting out- 
liers of Clinton age in southwestern Ohio, with neighboring contin- 
uous sheets of that formation and with each other, the area of 
Cincinnati group rocks left exposed .is considerably diminished. 
Imagining Clinton strata there where the thickness of the nearest 
still exposed Clinton areas, and their known rate of increase or 
decrease in thickness, would lead their former necessary existence 
to be inferred, the area of Cincinnati rocks still left exposed in 
Ohio, would be a comparatively small region in the vicinit}' of 
Cincinnati. Where a geologist might reasonably infer the previ- 
ous existence of Clinton strata is likely to be determined largely 
by previous prejudices. There is no reason for denying their 
former existence, even over that area near Cincinnati, where their 



102 '/:\\The American Geologist, Feb. i89i 

• . * •• 

exifttcnQe*is*'4iot n«c«Mart7y inferred. In neighboring parts of In- 

• • " fc 
diana«/Bttenar conditions prevailed in axial regions of tlie anti- 

•oIinal« .*• * 
. '\Thc exposed portions of the Cincinnati group formations in 
^ •***. '*0liio during later than Clinton times being thus limited to that 
•'•>/**' part of the anticlinal immediately adjoining the Ohio river, or 
even perhaps being confined to regions south of this limit, the 
area covered by the Clinton being still an area of deposition, how 
i'ould the anticlinal area supply the immense mass of strata of 
later than Clinton age which cover and surround the anticlinal in 
Ohio. I doubt if mathematical calculations would not show that 
the erosion which has taken place over the entire area of Cincin- 
nati rocks now exposed, would be insnflScient to provide the ma- 
terials for Upper Silurian, Devonian and Waverly formations in 
-Ohio and Indiana alone, not considering the great mass of these 
formations in Kentuck}' and Tennessee. The continuous mantie of 
Clinton rocks in Ohio makes a source from more southern anti- 
clinal exposures perfectly inadequate, while the different chemical 
I'onstitution of succeeding formations makes their source from re- 
erosion of Clinton strata also improbable — not considering for the 
present the improbability of much erosion in the Clinton before 
the deposition of the Niagara shales, which are found almost 
al)Ove every exposure of Clinton rocks in southern Ohio. These 
. Rhales. however, already proclaim a widely different chemical con- 
stitution from that offered bv Clinton rocks in these southern re- 
gions of Ohio. 

If the anticlinal was in existence in Lower Silurian times, and 
provided the materials for later formations, the character of de- 
posits on the eastern and on the western sides of this axis should 
not be essentially different, at least in the immediate vicinity of 
the anticlinal. What are the facts? Medina and Clinton forma- 
tions in Tennessee are confined to the eastern side of the axis, and 
apparantly gradually become more attenuated in approaching the 
same, disappearing before reaching it. Niagara formations in 
this state, on the contrary, ha^^ a greater development west of 
the anticlinal, become attennateil eastward on approaching the 
<*rest of the anticlinal, beyond which the}* do not extend far, if 
at all. The Lower Helderberg occurs only west of the anticlinal, 
and also becomes attenuated eastward, disappearing long before 
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the iixis of the anticlinal is reached. This separation of strata 
along the southern end of the CMnciunati anticlinal, certainly is as 
strong an argument against ihU portion of the anticlinal axis hav- 
ing been a source of supply of materials in the formation of the 
Upper Silurian strata of Tennessee, as were the facts above given 
against similar claims for the nortJiem end of the same axis in 
Ohio. The Huron shales of Tennessee again cover the entire an- 
ticlinal, thus indicating that the peculiar conditions just noted in 
Upper Silurian times, had ceased. In Kentucky' this separation 
of strata by the anticlinal region disappears on going northward. 
In Ohio it seems never to have obtained. 

Although the Cincinnati anticlinal could not have provided the 
groat mass of materials necessary for the formation of the sur- 
rounding Upper Silurian, Devonian and Carboniferous rocks, it is 
necessary to determine whether it might have formed a subaSrial 
ridge, without providing any considerable share of these materials. 
Any laud, for a greater or less time above the level of the sea, 
would at least be subjected to the effects of rain, and be more or 
less cut by the water channels, perhaps of a mild nature, along 
which the rain would find its way to the sea. The softer the ma- 
terials forming the land surface, the more active would be the 
formation of such drainage channels. During submergence the 

* lower courses of the channels would, for a time, Ik? kept clear of 
sediments by the current still coming down along that part of the 
channel still above sea level. In the course of time sediments de- 
rived from the land, would cover these subraergeil channels ; cur- 
rents of the sea, even, might throw bars across them, or build flats 

■ 

• or banks over them ; but these subsequent dei)osits. would still, 
I in their structure, give evidence of the uneven conditions they 
^ found when they began to cover up the old drainage channels. 
I The presence of these, and similar positive evidences of the exist- 
ence of land conditions over the whole range of the Cincinnati an- 

I ticlinal axis, rather than the negative evidence derived from sup- 

posed or real absence of marine deposits during certain periods, 
■ over this area, are needed to determine this question. It has been 
shown above, that the Clinton conglomerate at Belfast, Ohio, can 
not be used as such a proof, and it is too limited in occurrence to 
serve as basis for any general conclusions. 

It remains to consider the possibility of the (Mnciiinati anticlinal 
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not liaving been a suba^rial ridge, and of its not having sufferect 
erosion, but having, on the contrary, had its existence only as a 
submerged barrier ol)structing the passage of sediment-transport- 
ing currents. The separation of strata of Upper Silurian age, an 
described from Tennessee, might be explained in this way : Tlu-' 
facts from the nortliern end of the anticlinal are readily explained. 
Actual exposures of Medina are doubtfully identified at Wilming- 
ton, on the eastern side of the anticlinal, at Fair Haven, Ohio, on 
its crest, and at Hanover, Indiana, on its western side, the sandy 
strata so identified not api^earing at the base of the Clinton ex- 
j)09UT€8 farther north in Ohio and the immediately adjacent parts 
of Indiana, at least. The Clinton crosses over from the eastern 
side of the anticlinal in northern Kentuck}' and Ohio, to the west- 
em side, and is identified with certainty at Hanover, Indiana, and 
the river counties of Kentucky', just south of Hanover. Clinton 
strata, however, with ditferent lithological characteristics, are 
mentioned farther south in Kentu(*ky on the western side of tlie 
anticlinal. The Niagara strata of western Tennessee are recog- 
nized again at Louisville, Kentucky, and with diflfercnt lithologi- 
cal characteristics ; also at Waldron, Indiana. In Ohio, on the 
other hand, the Dayton limestone alone could be mentioned in 
this connection, and it seems best to state that if the Waldron 
Niagara is represented in southwestern Ohio, it has unaltered lith- 
ological characteristics and definite correllation is no longer pos- 
ible for the purposes heni <lesire<l. TheGuelph formations, a some- 
what higher horizon, extend from Ohio across the Cincinnati 
anticlinal to central and northern Indiana. The Lower Helderberg 
strata also extend acToss tlie anticlinal in Ohio. Some of the out- 
liers of later formations, still retained near the sources of the Scioto 
and Miami, near the middle of the Ohio portion of the anticlinal, 
rise to such a hight above the crest of that part of the anticlinal 
immediatel}' adjacent, that there is no doubt but that the strata of 
which they are forme<i also once extended across the axis. These 
facts are not believed to be consistent with the existence of the 
Cincinnati anticlinal as an important barrier during paleozoic 
times. 

The strikinof similarit}' of fossil forms in corresponding forma- 
tions east and west of the anticlinal is also inconsistent witii the 
existence of a sisyiiificaiit barrier in those times. Durins: the 
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Clinton period this similarity is very striking. It is observed in 
Guelph, Lower and Upper Helderberg periods. Even as late as 
Carboniferous times it would attract immediate attention if the 
anticlinal region be supposed to form a barrier. Thus the shales 
at the base of the Lower Coal Measures near Flint Ridge, at the 
eastern line of Licking county, Ohio, are full of marine fossils. 
The labors of Prof. C. L. Herrick have shown a striking identit}' 
between the mass of these fossils and those characteristic of the 
Coal Measures of Illinois, on the other side of the anticlinal. 
The brj'ozoa emphasize those observations, only one or two not 
being represented by forms in the Coal Measures of Illinois. Mn 
E. O. Ulrich in a locality at the same horizon near Seville, 
Illinois, has discovered a fauna so closely related to the bryozoa 
of Flint Ridge that if he had chosen to publish his discoveries 
first, it would have been scarcely possible to give good specific 
distinctions for the Ohio forms. Considering the great variability 
usually shown by bryozoa, this decided similarity or identit}' must 
be considered striking, even if a barrier such as that which would 
l)e formed by the anticlinal axis, be not supposed to exist. This 
similarity, however, must appear almost incredible, with the anti- 
clinal actually in existence. 

The most valuable information in regard to the structure of 
the Cincinnati anticlinal is that accumulated by Prof. Edward 
Orton, and published by him in 1888 in volume vi of the Ohio 
Geological Survey. 

By means of numerous records of wells bored during the late 
oil and gas excitement in Ohio, Prof. Orton was enabled to con- 
struct numerous sections of Ohio strata, with varying degrees of 
reliability, but all suflSciently accurate to add considerably to our 
knowledge of the geographical distribution of certain Paleozoic 
strata in the state. From these sections he constructed what 
might be called a contour map, with 250 feet intervals, of the 
Trenton as it would look at the present day if all superposed 
strata were removed. A glance at the geological map of Ohio, 
published by Prof. Newberry in 1879, would indicate an intimate 
correlation between the topography of this Trenton land and the 
present outcrops of Paleozoic strata in the state. An extension 
of this comparison to the immediately adjacent regions of Indiana 

9 
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:inU Mifbigan would by no iiieiin» diminiMli the imiwitaiico of tlim 
(■orix'ifltion. 

Ttu' ilips and strikes of pidoozuic strata in the north wcKtt! in 
ooriier of Oliio &xv so strongly conformable to thi; topography of 
thf Trenton areji in this region, and erosion haa prodiict'd at the 
pi-escnt day sneh a flattcneti toiwgrapby, that projections of tlie 
outcrops of paleozoie strata are almost iivtiilable for contonr lines 
1)11 tlie contour map of the Trenton strata as pnblished by Prof. 
Orton. Thus the base of the Huron sluUe at its outcrops coro'H- 
jwnds to tbo lODO-foot eontiHir line on Prof. Orton's map. Tlic 
base of the Cornlferons limestone corresponds to the 750-fo>)t 
contour. The biise of the Watcrlime agrees in a rough way with 
tiie odO-foot contour, finding its best expression along tbc axis of 
tiic Findlay fnkl. to \x mentioned again later. The discrepancies 
arc due chietiy to the more horizontal disjiosition of the strata 
along the flatter regions of the Cincinnati anticlinal, so that irreg- 
ular erosion in these flat areas produces stronger impressions on 
the politically colored map, than would be the case if the strat;i 
had been more inciiiieil, as they are on the Findlay fotil, 

(>iitcroi>s of strata exposcnl between western lake Erie ami the 
(lliio river along Adams county show siniilar cori'elations. Thus 
the base of tbc Waverly cori-osponds to the lOOO-foot contour of 
I'rof. Orton's map. Tbc base of the Corniferous limestone, and 
where tlie Corniferous is absent, tbc base of tiie Ilunm shale, cor- 
responds with the T-'iO-foot contour. Again, the base of tlic 
U'aterlime coiTcS|»onds in a rough way to tbc 500-foot contour, 
this finding its l>est expression where neaivst tlie Bneyrus fold, 
towards the Ohio rivei'. 

AVhcre the base of the Waterltme outcrops follows a coin-se 
more removed from the Findlay fold in the north, and from the 
Itucvrus fold on the south, it might Ire considered to correspond 
iiiiliii !'■ 1 lie 250-foot contour. The base of tbc UpiJcr Silurian ex- 
po-urcs, however, corresponds quite closely with the zero or tide 
icvi'l I'.oiilijur on Prof. Orton's map. It must be remembered that 
tliis map fjives the contourfi for the Trenton formations of Ohio, not 
of Cincinnati Group rocks, which of course show higher levels, 

\i these studies be continued it will also be found that paUv-o. 
Koir sinita in western Ohio are more highly inclined and show 
iiiin-<i">r limits of outciops there where also the Trenton topogra- 
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phy indicates more inclined strata. The maintenance of Water- 
lime strata in southern Hardin county in spite of tlie erosion 
along the headwaters of the Scioto is perhaps in correlation with 
the topographical depression of the Trenton on Prof. Orton's 
map. In a similar way, the extension of the Waterlime outcrops 
westward to the western limit of Champaign county may be con- 
nected with the depressions on the corresponding part of Prof. 
Orton's map. These later conclusions are perhaps rather forced. 

If now these investigations be extended so as to include the 
reconstructed sections of the rocks overlying the Trenton in differ- 
ent parts of western Ohio, this correlation is still further exem- 
plified. Thus it has been possible to trace out a fold whose axis 
extends through Bowling Green, North Baltimore and Findlay, 
and which involves all strata from the Trenton to the Huron shale. 
But it is this Findlay fold which gives such great relief to the 
Cincinnati anticlinal in northwestern Ohio. 

Other sections between western lake Eric and the Ohio river, 
along Adams county, show another pretty strong fold, whose axis 
lies somewhat west of a line passing through Sanduskj^ Bucyrus 
and Delaware, and thence southward. This fold likewise involves 
all the strata from the Trenton to the Huron shale, possibly also 
the Waverly. This Bucyrus fold is in its place the chief factor 
giving relief to the Cincinnati anticlinal, defining its m«^<?;*/i bound- 
arv in Ohio. Both the Findlay fold and the Bucvrus fold in- 
volve formations as high as the Huron shale. What is there to 
prove that these folds are not, therefore, of later age than at least 
the Huron shale ? It seems even ix)ssible that thev may be later 
than the Waverly. 

Fremont and Sandusky are 21 miles apart ; the Trenton at these 
two cities differs 927 feet in altitude. Carey and Bucyrus are 23 
miles apart. The Trenton here differs 722 feet in altitude. In 
both cases the difference in altitude would be magnified somewhat 
if the sections had been made directly across the strike of the 
formations involved. Now, what is the increase in the thickness 
of the sediments seaward, in this case eastward, corresponding 
with this slope of one foot descent in every 120 to 170 feet down 
the side of the anticlinal ? Practically nothing. In other words, 
the folds which now form the chief features of the Cincinnati an- 
ticlinal cannot be supposed to have existed in Trenton times. 
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To state that the Cincinnati anticlinal may have existed at the 
close of the Trenton period without the assistance of the Findlay 
and Buc^TUS folds, but in a less marked degree, seems like beg- 
ging the question, since these folds practically constitute the Gin< 
cinnati anticlinal. Since these folds are of later age than the 
Huron shales, and even perhaps were formed in later than Waverly 
times, what reason is there to suppose that the small amount of 
folding displayed in its Cincinnati anticlinal, which remains wheu 
the Findlay and Bucyrus folds are not considered, took place in 
times soon after the Trenton period ; that is, in times later thau 
the age of Cincinnati group rocks, rather than in times later than 
the Huron shale or even later than the Waverly period ? 

As a result of the considerations here presented, the conclusion, 
has been reached that the structure known as the Cincinnati anti- 
clinal is a fold of considerable length, formed in later than Hurci* 
shale, and probably later than Waverly times ; and, that for this, 
reason, all formations from the Trenton to the Huron shale, ari^ 
found to be involved in this fold. This conclusion is chiefly valid 
for Ohio, since almost all arguments are drawn from observations 
made in that state. The correlation of this anticlinal with the 
post-Carboniferous folds of Pennsylvania seems natural, and i» 
suggested by the facts cited in regard to the Flint Kidge fossil* 
above. 

The thickening of strata, going eastward from the anticlinal, has- 
among other things suggested the origin of these strata from the 
Cincinnati anticlinal. Taken in connection with wider observa- 
tions they prove the contrary. As a general rule all palseozoie 
formations decrease in thickness in going from the Alleghany 
mountains westward to the Cincinnati anticlinal. The coarser 
strata, as a rule, also are found in the Alleghany belt, and are- 
represented by finer sediments westwanl. This indicates a great 
region east of the Alleghanies, as the source for the sediments 
which diminish in thickness westward towards the Cincinnati an- 
ticlinal. 

In the same wa} , a thickening of formations takes place in cer- 
tain horizons in going northward from Cincinnati to the northeru 
part of Ohio. I will refer here only to the presence of the Me- 
dina there, and the increased thickness of the Clinton, as shown 
by well-borings in the northern part of the state ; also, to the- 
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^correlation of this increased thickness with the change from an 
jtlmost pure limestone to a sandy rock northwards. This points 
to a second source of material for certain of the formations in- 
volved in the anticlinal, from a region north of the Great Lakes. 
Again, the increase of the true Niagara limestones, and later, of 
the Helderbci^ rocks in going westward from the anticlinal 
through Indiana and adjacent Kentucky, taken in connection with 
similar phenomena along simihir horizons in Tennessee, suggests 
that in portjpns of the palaeozoic series, an origin for sediments 
must also be sought in regions west of the anticlinal. 

The anticlinal, therefore, instead of being itself a source of sedi- 
ment for succeeding formations, seems to have been near the least 
sediment-favored median line of a great sea, into which vast 
amounts of sediments were deposited. Most of these sediments 
were derived from a continent east of the Alleghanies. A large 
share also was probably derived from Canadian areas, then above 
water. During the Upper Silurian and, pKJrhaps, also a part of 
the Devonian, a region west of the Mississippi may have been a 
source for sediment. The coarser sediments were deposited nearer 
the source in each case ; the finer was deposited in regions more 
distant. The Cincinnati anticlinal, taken as a whole, is a region 
where the least sediments were deposits, since it was most remote 
from these sourocjs. It .seems to have formed a line of weakness, 
and hence it was natural that the strong folding caused in the 
Alleghanies by a pressure from the east, almost disappearing en- 
tirely before reaching Ohio, central Kentucky and Temiessee, 
should find a last expression in the Cincinnati anticlinal. 

The purpose of this paper was to discuss the age of the Cincin- 
nati anticlinal. A fuller examination into the various statements 
following this discussion, must be reserved for another time. 



THE "HERCYN-FRAGE" AND THE HELDERBERG 
LIMESTONES IN NORTH AMERICA. 

JoHX M. Clarke, Albany. 

Dr. Nov&k has been the strongest supporter among the Bohe- 
mian geologists of the propositions involved in the '^Hercyn- 
Frage," as suggested by Beyrich and more fully elaboratiMl by 
Kayser, and he is the first to undertake a comparative study of 
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any single faunal element in the various developments of the Her- 
eyniau. This Ilercynian iliscussion involves primarily the trans- 
ference of a certain fauna in the northwest Hartz, considereil by A. 
Roemer as upi^er Silurian, to the Devonian and as one of its conse- 
quences, the subdivision of M. Barrande's <^ Silurian Basin " in Bo- 
hemia, leaving the Silurian to terminate with his etage e^ or with/^ 
and referring /^, g^-\' ^ and p>erhaps also h to the lowest Devonian. 
The controversy over these and other issues of the question has. 
l)een prolific in literature for ten 3''ear8 past* and has an important 
bearing upon the Lower Helderberg fauna of North America and 
its relations to the normal Silurian (Niagara) and to the Devo- 
nian. Dr. Nov&k's . work does not, unfortunately, aim at com- 
pleteness. He has brought together certain trilobites occurring 
in the Rhenish and Westphalian Hercynian and with them com- 
pareil similar or identical forms in the Bohemian. Not all tlie 
species or genera known from the Genuan localities are introduced 
nor are some imix>rtaut Herc\'nian genera brought into considera- 
tion at all ( notably Dahnanites). The following genera are dis- 
cussed : Prof'tu^y Arethusiiw, Trop idorori/phe (^new)y Phcetonelluif 
(new), Ci/phtisjJio, Ci/phaspides (iicy^), Phacops, Ilarpes^ Lxchas. 
Acidespis, Chvirurus and JironteuSy and remai'kably high percen- 
tages of the forty-one species and varieties described are found 
common to the Cierman and Bohemian l(x:alities. Without enter- 
ing into the special bearings of these discussions there are some 
facts elicited which have an interesting relation to the trilobite 
element in American faunas of equivalent value. The great de- 
velopment of the Profit* (nine species and one variety) is in shar)> 
contrast to their meager representation in American faunas prior 
to those of tht* Ui)per Helderberg, and in consonance with their 
remarkable abundance and variety* in these latter faunas. Of 
these proetids certain characteristic t3'i)es are present l)oth there 
and here. The most prolific there being species of the typical 
group, i. e. , conforming with the structure of P. cnvieri in hav- 
ing a regularl}' convex truncate-ovate glabella extending from 

*The writer has j^ivcn a rosiime of tho more* iiii])ortaiit phases of this- 
discussion in the Report of tlie State (teologist of New York for 188S. 

*NovAK. Ver^leicliende Studien an einigen Trilobiten aus dem Her- 
o.yn von Bickon, Wildungen, Greifenstcln iind Bohmen. Dames and 
Kaysor's raliiontologisclie A))handlungen. Neue Folgc;. Iind 1. Heft 3* 
40 p|)., .-. plates. IS'.io. 
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occipital ring to sinterior border, with furrows and lobes faint or 
obsolete, rounded genal angles and relatively broad rhachis on 
the pygidium ; a type not common in America, but represented 
in the Lower Helderberg by its only species, jP. protuherans Hall 
and in the Comiferous limestone by P. folUceps Hall. A second, 
less abundant type is that of P. eremita Barrande (etage/j), charac- 
terized by the shorter, more subquadrate, depressed and furrowed 
glabella, and especially by the short p3^gidium with narrow, acute 
rhachis and obscure pleural annulations ; with this maybe com- 
pared the P, coryccem Conrad, of the Niagara group, probaby 
the only representative of this phase of structure known in our 
faunas. A third is that of P. hohapfeli Nov&k, {^Eonla Burmeis- 
tor ) with violin-shaped glabella and spinous genal angles, as in 
P. canaliculatus Hall of the Cornifeix>us limestone ; a fourth, 
P. wahhchiudti NovAk, which seems in most respects to exemplify 
the type of structure represented most abundantly in our Paheo- 
zoic faunas, as shown in P. augustifrons Hall of the Schoharie grit, 
P. clarus Hall, of the Comiferous, P. rowi (Ireen, P. prouti Shu- 
mad, P. 2^/toc/o/* Billings, P, nevudoi Hall, of the later Devonian. 
A fifth type of structure is P. fiUcostatns Xovak, which is re- 
markable for its broad, flabellati* pygidium and rapidly tjiperiug 
glabella, characters which the author has considered of such dis- 
tinctive importance that he has pro[)osed to designate the group 
which it represents by the new terra Tropldocorifphe-PrionopcltU 
Cor da, in part. With these forms may be compared the P, plani- 
viarginatus Meek, of the Comiferous limestone. Another and 
sixth tyi>e of prol»tid structure is represented by P. plnnicauiht 
Barrande, a form with fimbriated pygidium, but differing from 
P. archiaci Barrande, and other species belonging to the subgenus 
Pfurtonides Barrande, in the shorter rhachis and fewer annula- 
tions of the p3'gidium. For this group, represent4?d by the form 
mentioned and P. dentatulua Xovj'ik, the subgeneric term Phar- 
tonelfus is proposed. It is probable that the Plnrton deuticnlatus 
Meek, from the Devonian of Nevada, is a member of the same 
group, while it is a matter of doubt whether typical forms of 
Barrande's Phnton-Phirtouides (not P/ncfotn'dfS Angel in) have 
been found in our palaeozoic faunas. The author establishes an- 
other new generic group, Cifplinspidva^ which is based upon a pecu- 
liarly sulxiuadrate pygidium having in general the structure of 
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that iu Pro^tus, but with the extrcmities of the abruptly reflected 
annulations produced into short spines. In this genus, of which 
much is to be learned, are included five species from Bohemia, 
the Rhine and the Hartz. 

Cyphaspis appears in one species ( C. hydrocepltala Hoemer ), a 
near ally of C. minuscula Hall, of the Corniferous limestone. 

The reappearance of tlie genus Arethusina from the middle 
Silurian is a feature of interest. 

The species of Phacops all have the peculiarities of the early 
representatives of the genus, well defined, linear glabellar furrows, 
and grooved pygidial pleurag, being in contrast to the later repre- 
sentatives in which both characters are obsolescent. The species 
of the Lower Ilelderberg, Oriskany, Schoharie grit and Cornifer- 
ous limestone are all provided with these features, while P. logani 
the abundant species of the Lower Ilelderberg, alone has the 
lobation of the lateral margins of the axis which chai*acterizes 
P. hrevtceps of etage /^. The form describe<l as Phacaps cf. 
Zorgensio Kayser has the subpentagonal glabella characterizing 
an undescribed species in the Oriskan}' of New York. 

Lichas haueri is closely allied to L. ptgonurus Hall from the 
Coralline limestone (Niagara) of Schoharie, N. Y., ami L. 
(Arges) maureri is represented in the Corniferous by Argcs contu- 
aus Hall. In Actdaspis vesiculosa Beyrich we have a type of 
structure which was designated by Corda, as Trapelocera and by 
Warder as Ceratocephala, The group has but a single known 
representative in American faunas, A. danai Hall, of the Niagara 
group, a synonN'ra of Ceratocephala goniata. Warder. Acidaspis 
pigra Barrande, differs from A. calUrera Hall of the Upper Hel- 
derberg in minor respects only. 

Crotalocephalns {cordai) is represented in the Niiigara f auna 
b}' C. niagarensis Hall, but with this species the existence of the 
Cheirurus-iy\}^ ended, as far as known, in our Paheozoic. The 
abundance of Bronteus with spinous pygidial margins, is a feature 
emphasizing the Devonian value of the faunas. This type of 
structure {Thgsauopeltis Corda) attains a maximum development 
in the later Devonian, and with us, is represented in the B. tul- 
Hhs Hall, of the Tully limestone, while it does not appear in an}'' 
of the earlier faunas. The Niagara species and the Lower Ilelder- 
berg, B. burrandii Hall, have smooth-margined pygidia and of 
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these forms we find a representative in these Hercynian species in 
the B. dormitzeri var. applanatus Novak. On the whole the com- 
parison of the Hercynian trilobites discusssd by Dr. Novak with 
their American equivalents brings out several important points of 
'I'orrelation with our typical Silurian ( Niagara ), some with the 
Lower Helderberg, but most emphatically with the limestone fau- 
nas of the Upper Heklerberg. 



NATURAL AND ARTIFICIAL TERRACES. 

By Stbphkn D. Pkbt, Ph. D., Meiuloii. 111. 

The subject introduced by the title given above has been 
<li.scussed in the pages of the American Antiquarian until the 
<langer of dogmatism on !)oth sides suspended it, and the advice 
was given, let us seek for more facts. It may seem a puerile 
^n(|uiry but the writer presuifaes upon the candor and charity of 
tlie geologists to put the case briefly before them for further 
^examination. 

• It might here be stated that Ohio is the state in whicli archaeol- 
<igists have claimed thai they have discovered artificial terraces, 
t>ut it is also tiie states in whicii natural terraces are very numerous, 
-some of which are quite likely to be mistaken by unskilled ob- 
f*ervei*s for artificial works. The first cjise of this kind which has 
gone into any reconl was that which has now become very 
familiar, namely tiie well known terraces at the southwest corner 
of the enclosure at Ft. Ancient. The authors of tiiat extremely 
valuable book, *' Ancient Monuments," Mes.srs. Stiuier and Davis, 
maintained that this terrace was a platform placed on the escarp- 
ment for the sake of defending the fort from attack and for the 
«ake of keeping a watch of the river bank whieh is still so 
plainly visible from the spot. These artificial U»rraces are laid 
4lown on all the maps and diagrams of the fort and very few have 
iniderUiken to correct the error for the verv reason that it is still 
^nicertain whether it is an error or a correct observation. Still in 
reference to these platforms we may say that every attempt to 
j)rove them artificial has, to our mind, brought out more clearly the 
proofs that they were natural. To illustrate — Mr. Warren K. 
Moorhead in his recent book on Fort Ancient mentions the ter- 
races and then goes on to say that terraces similar to these are 
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found at several places in immediate vicinity as follows; on the- 
bank of the river opposite, on Mr. Ri<lge's farm, and on Mr. 
Cowden's place, but he states that the hight of each terrace is 
about the same, varying from 135 ft. to 137 ft. above high water, 
Mr. Brown, the editor of the Waynesville Gazette, once took the- 
writer around among these teiTaces and from these to othere ten 
miles away on Caesar's creek, and near Waynesville. The result 
was that each terrace was shown to have about the same general 
level, and to the writer were plainly natural. 

There are, however, those who still insist that pottery and 
aiTOw heads and the remains of encampments are so common on 
tliese terraces that they must be artificial. It is also maintained 
tliat the Indians knew about these terraces, and that in marching 
against a tribe they would traverse a terrace as far as it extended. 
All that we have to say about this is that Indians did not throw up 
highways along the sides of bluffs to march on, and it would be 
al)out as reasonable to sa}^ that Indians built railroads, as to 
maintain that they built these terraces as road wa3's for themselves. 
The fort near which these teiraces are seen is, to be sure, the old- 
est of the two forts, and was, as Mr. Moorhead states, for a long 
time the site of an ancient village. It is the opinion of the writcn* 
that the people who built this ''old fort" were the very people who 
built the great Serpent ^lound and that the}' were a very wild 
race, in fact were serpenl^woi'shipers, but the people wlio built the 
new fort were a much more cultivated people, agriculturists and 
sun-worshipei*s, yet neither of them were advanced enough tc> 
erect artificial terraces like these. The geoloifist will be able to 
tell us something about the causes which were at work when these 
upper terraces were formed, and they may possibly help us to 
solve the problem as to the time when the fii^t races of Moimd 
Builders were likely to have come on the stiige of action. Thc^ 
terminal moraine we undei-stand extends down into this region on 
the Ohio, and the paleolithic people, so called, are supposed to 
have followed up the ice sheet and to have dropi)ed their rud(^ 
weapons int^) the water or upon the ice, the gravel proving to be 
the safe depository for them until the days of railroails and 
modern modifications of the earth's surface. The "disturbed" 
gravel reveals the earl}' advent of man, though whether he wasi 
the ancestf)r of the Eskimo or not is now unknown. 
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There is, according to arcliaeolog}-, a wide gap between these 
Eskimo paleolithic fishermen or •' Littonil " people and the wild 
hunters of the forest who first erected their mounds al)ove the 
terraces; and this gap we are now anxious to fill up. In Europe 
the Reindeer period comes in Ijetween the gravels and the mound» 
and the episodes are found in the various caves and their contents. 
In this countrj' we seem to have a Mammoth or Mastodon period 
overlapping the gravel beds and coming down very near to the 
time of the Mound Builders, but the reindeer seems to be absent. 
We have in addition the caves which have recently been discov- 
ered in Kentucky near the Mammoth cave with its 2000 reputed 
skeletons to examine. We have also the peat swamps of Michi- 
gan and of northern Ohio with their various deposits of mastodon 
l)ones closel}' associated with arrowheads and traces of fire. We 
have the various thick-skulled and strange-looking waifs which 
turn up occasionally among the mounds to show that there was a 
race which intervened between the so-called Eskimo fisherman of 
the (jrlacial period and the early hunter of the Mound Building 
period. It may be that during the Pleistocene age these natural 
terraces were occupied and that some relics ma}^ \'et be found on 
them which will prove to be those of the verj' early race which in- 
tervened between the gravel beds :md the mound period. 

In reference to the survival of the mammoth or mastodon to the 
time of the Mound-builders, perhaps a word or two may be proper. 
Here the subject of terraces helps us but little, and 3'et there is 
a hint from them. The celebrated Elephant mound, which is now 
(lestroved, was not on anv terrace : l)ut was in a swale, and so low 
down in the swale, that the high water freciuently overflowed the 
surrounding land. The writer has visited tliis spot several times. 
The last time he had the opportunity- of seeing the ettigy brought 
out in relief by the crop of clover which was growing on the ^ ele- 
phant, " but which had been killed out by the high water on all the 
land adjoining. 

The elephant must have been exceedingly modern, about a.s 
modern as the buffalo, if this effigy was a genuine imitation; but 
the writer believes that the bear or buflfalo was the tribal totem of 
this region, and that no mastodon was known to the tribe who left 
the effigies on the soil. Every "elephant "has been exploded, and 
even elephant pipes are exceedingly doubtful specimens. Still, 



K 



liy The Amei-icaii GeologUtt. Feb. t89i 

the clepbant or mastodon may be found along with the remains of 
man before the Mound-builders, and some of tlie terraces may yet 
reveal the two together. 

It sliould bo stated that the river-terraces which stretch down 
fi-om the second glacial moraines toward the track of ttic first gla- 
vial bed, are all covered with traces of both mound-builders and 
Indians; and, superficially considered, they furnish no evidence 
of the intermediate race. 

There are, however, some interesting facts about the terraces as 
modified by human action. The writer once visited a spot on the 
<'uyahoga river in which the beautiful scallop work was traced 
from hilt to hill, each scallop being the fragment of a terrace. 
Standing there in company with several archeeologists, who had 
Ijeen preparing for tlie great Centennial Exposition, in which Ohio 
prehistoric relics figured so conspicuously, the little company 
looked at the grouncl on which they stood, and found that it was 
actually a truncated pyramid which had been artificially wrought 
out of an outlying fragment of one of the terra<'e8, anci was a most 
l>eanttful piece of artificial earth carving on a large scale. The 
Numrait was level and the sides presented a smooUi and even slope 
with angles aecurnt*. and the whole remarkably symmetrical. At 
t!ie time referred to, tlie company seemed to be sceptical about the 
iirtiticial character of this work, though the moulding of natural 
■teiTJiccs or fragments of terraces is not uncommon. The writer 
■ has since; then seen so many evidences of artificial handiwork in 
wmnection with natural eminences and ridges, that he has ceased 
to be surprised. Uidges of sand will sometimes be modified so a.t 
to resemble animals. River banks will be noticed with rows of 
mounds or eflfigies parallel to them. Bluffs will have semblances 
to birds, serpents and other animals, and the artificial work on 
the summit will make the semblance all the moi-e striking. It is' 
« faney with the writ<>r that the sides of certain hills have lieen 
iiifiLlified to bring out the "Phallic Symbol" and that a nidc 
iiioLikliiig of the terraces and escarpments was sometimes prac- 
licwl to show more fully the animistic conception which made the 
iiJuff or clifiTor drummel or even terrace the abode of the great 
spirit of all the animals, the totem of the people who inhabited 
I III' region. 

IVe have followed the terrace up from the paleolitliic gnnel to 
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Uie intermediate cave period and from that to the mound period^ 
and have found each age full of problems. The swamps and. 
swales and low lands were frequented by Indians. The sand 
ridges, the ** cypress swamps/' the first, second and third ter- 
races along the river valleys were occupied by Mound Builders 
with their villages on the rich plains, their forts on the high bluffs, 
their pyramids rising out of the flood plains, but there is nothing 
to distinguish the age of any of them except the faint traces of a 
differentiation in their art and architecture. Possibly the geolo- 
gist may discover in the cuts and erosions, and beneath the loam, 
in the peat beds, among the shelter caves, in the grottoes or h^- 
neath the grdvels that part of the record which has so far baffled 
us, and will help the archfieologists solve the problem of man's ex- 
istence on this continent. 

We do not claim the terraces to have been artificial, we are not 
sure that many of them have even been moulded, but the remains 
and the tokens of man are upon them and beneath them, and both 
the geologist and the archaeologist ma3' stud}' them. 



ON A JOINTED EARTH-AUGER FOR GEOLOGICAL. 
EXPLORATIONS IN SOFT DEPOSITS*. 

By N. H. Darton, U, S. Qeolo^ical Survey. 

In the ninth report of the director of the U. S. Geol. Survej' 
for 1887-8, Mr, W. J, McGee briefly described a jointed earth- 
auger which he employed successfully in exploring the superficial 
deposits about Iowa City. In my investigations in Atlantic 
coastal plain geology, I have used the instrument with great satis- 
faction in boring to depths from five to forty feet, and I now wish 
to describe the details of its construction and use together with 
some modifications which have greatly increased its efficienc}-. 

The improved form of instrument consists of an auger bit ; a 
number of three-foot lengths of one-fourth-inch iron pipe ; a cross- 
bar handle, all with threads and couplings for connection to any 
length required, a pair of pipe tongs and a receptacle of some kind. 

The bit should consist of an ordinary one-and-a-half inch car. 
penter's auger with two or three whorls of double spirals, welded 
to a one-half-inch iron bar to extend its length to three feet 

*Read to the Geological Society of America, Dec. 30, 1890. 
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Short plugs of one-fourth-incli iron bar forged into tlie ends of the 
pipes before they are threaded, greatly increase the strength of the 
instrument, for the greatest tran verse strain is at the couplings. 
8oli(l bar ma}' be used for the lengtlis but the strengtli of the 
piping with plugs is practically as great and the weight is much 
less. The coupling on an end of each length should be screwed 
on very tightly and galvanized couplings are preferable on account 
of their greater strength. The cross-bar should be forged from one- 
half inch iron bar with handles about a foot long on each side and 
the vertical stem about an inch long with a coupling screwed on 
-yQvy tightly. The adjustable gas tongs No. 1, are better than 
any form of pipe wrenches so far as m}* experience goes for they 
are highly effective and not liable to get out of order. A base- 
ball-bat bag is a satisfactory receptacle for the entire outfit for it 
■will hold from twelve to fourteen lengths without difficulty and is 
•convenient to handle. 

In use the bit is extended by screwing on length after length 
mitil the desired depth is bored. Care must be taken to make 
the joints as tight as possible for it is frequently necessary to un- 
screw the bit from the material in which it is being bored and 
sometimes it becomes quite tightly wedged. Usually the instru- 
ment must be withdrawn from the hole at about each six inches 
and the borings removed. In vci^y compact materials less, and in 
loose soft sands more, can be brought up each time. Below a 
^lepth of twenty-one feet the roii should be disconnected into two 
sections each time it is raised unless there are some convenient 
branches or projections overhead against which its upper part 
may lean. 

In pebbl}' materials progress is ver}- unsatisfactory or impossible 
unless the pebbles are very small. Quicksand is another adveree 
condition, and of course no progress could be made in lithified 
materials of any appreciable degree of hardness. 

I have made borings down to a depth of forty feet but if the 
Uwture of the materials is favorable and the rod is disconnected into 
three sections each time it is brought up, ( every three to eight 
inches ) a much gi'cater depth could probably be attained. The 
lal)or of working the instrument is not great if care be exercised 
not to bore too deeply at a time and although one man can make 
good progress in soft materials it is economical to have assistance. 
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The degree to which a vacuum Is formed below the auger when it 
it is being raised depends of course on the nature of the walls of 
tlie boring and the material on the auger, but in depths to forty 
feet I have seldom found the air pressure very great and never an 
insuperable obstacle. 

The instrument is simple and inexi^ensive and will prove a use- 
ful means forobtjiining data in regard to soft deposits at moderate 
dei)ths. 



CONTRIBUTIONS TO THE GEOLOGY OF THE 

SOUtHWEST. 

Bv RoBT. T. Hill, Austin. 

[Note.— Tliese papers will contain brief announcements of the results of scien- 
tific exploration in the Texas Reerion of the United States, to-wit: southern Indian 
TemtoiTt southwest Arkansas, Texas, eastern New Mexico and northern Mexico.] 

The altitude of Mount Scott. — Mount Seott is one of the high- 
est peaks of the Wichita mountains. It i« situated about 12 
miles west of Fort Sill, on the Comanche reservation in Indian 
territory', and consists entirely of massive granite, mostly com- 
ix)sed of red feldspar. I recontl}' measured this mountain with 
the assistance of the IJ. S. signal officer at Fort Sill, who made 
mercurial readings while I climbed the mountain with m^^ aneroid. 
Altitude of summit 2305 feet ; altitude of plain at base of moun- 
tain, Fort Sill signal station, 1,200; altitude of Red river, sixty 
miles south, 750. 

A new Silurian area of the United States. In the central por- 
tion of the Chickasaw nation extending from Wahpemick Acad- 
emy to Duncan, including the Arbuckle mountains, there is a 
grand development of Silurian limestone and shales, of various 
ages from Trenton to Ilelderburg, as determined by Prof. H. S. 
Williams, from fossils sent to him, and perhaps later or Devonian. 
These will be described hy the writer in the next issue of the 

<rEOLOOIST. 

The age of the Comanche Series. The Ninth Annual Report of 
the U. 8. Geological Sur^ej- announces that Dr. C. A. White has 
l)een continuing his investigations into the Comanche series, * « the 
4ige of which he determined last year. " To one like the writer 
^ho has been stud}' ing these rocks for man}' years for the purpose 
of ascertiiining their age, the announcement of Dr. White's deter- 
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mination will be interesting, especially since lie no longer con- 
siders this great series a southern deeper continuation of the- 
Meek & Hayden Series, as was his pulilished opinion when the- 
writer first had the pleasure of pointing out these rocks to him \\\ 
1886. Prof. F, W. Cragin, who has been studying these rocks i» 
southwest Kansas, where they occur in very different conditions 
from Texas, in the last issue of this magazine, p. 28, has de- 
cided to drop the name Comanche series, and call them Neo- 
comian, after Marcou; so far have his studies progressed. The 
writer must confess that, from his own continuous studies of this- 
great series he still feels undecided^ to their actual synchronism^ 
and considers the term, Comanche series, first projwsed b3'Jhim,. 
still the most appropriate until more complete investigations arc 
made. 

CretaceoiLS Inliers. The crreat erosion to which the surface^of 
the southwest has been subjected reveals a number of inliei*s of 
upper Cretaceous beds in the Eocene area of Arkansas and Texas. 
All of the Cretaceous outcrops of Arkansas are of this nature, 
being seen only where the post-Cretaceous beds of the Marine- 
Eocene and Plateau Gravel (Quaternary) epochs have been cut 
through by the drainage. Many of these inliers occur in the- 
Eocene area of Texas, notably at the Friese place, in Bowie 
county, near Palestine in Anderson county, and at other places^ 
as have been described by Lawrence C. Johnson in his report oa 
the Tertiary Iron ores of east Texas. It is an interesting fact that 
all of these inliei*s are in the direct strike of the l>eds of the- 
Glauconitic division of the Upper Cretaceous, only the base of 
which, as at Corsicanaaud Webberville, are exposed in the eastern 
edge of the main Cretaceous area, thus showing that the great 
beds of that division, which is the equivalent of the Ripley — 
rotten limestone — Tombigbee division in Alabama, are still mostly 
buried beneath the Eocene overlap in Texas. 

A New Source of Artesian water in Texas, In the American. 
Journal of Science for April, 1887, the writer published the pre- 
liminary announcement of the Fort Worth- Waco artesian area, 
which is now known to extend from Denton to Del Rio, a distance 
of 500 miles, and to be one of the most prolific artesian areas in 
the world, several hundred wells and numerous rivers which have 
their origin in fault-springs like those at Del Rio and San Antonio^ 
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showing DO appreciable diminution of the supply which has its 
source. in the Trinity sands at the base of the Comanche series. 
During the past two months from the wells at Pottsboro and 
Dallas, I have discovered that the Dakota sands are also the source 
of anothei valuable artesian area, which although not so extensive 
as the Forth Worth- Waco area will prove of great economic value 
to Texas. 

^^ Llano Estacado'^ or ^^ Staked Plains.'* An interesting ques- 
tion of nomenclature is whether or not the name Staked Plains 
should not be dropped from geographic nomenclature as the de- 
scriptive name for the great mesa to which it is applied. One 
popular apology for the use of this term is that early travelers set 
up stakes to mark their roads over these — then considered — 
waterless wastes. Another is that the term alludes to the staff- 
like stems of the Yucca plant which resemble stakes projecting 
above the ground. Neither of these hypotheses, however, will 
stand the test of application, for the traveler could not possibly 
have secured on the absolutely treeless plains timber wherewith 
to make his stakes, and the Yucca does not grow upon them. 
Upon the other hand, a glance at the Spanish dictionary will show 
that it will be impossible to translate the word **estacado" to 
mean a stake, but upon the contrary it means exactly the oppo- 
site — a palisade or wall, which is a most appropriate descriptive 
term for the Llano Estacado, inasmuch as it alludes to the sharp 
declivity or face of the escarpment which in many places marks 
the edge of these plains. In view of these facts is it not as er- 
roneous to use the term Staked Plains for the Llano Estacado as 
to write the name L'Eau Frais, "Low Freight," as is done upon 
Colton's maps of Arkansas ? It may interest some to know that 
instead of being waterless, these great plains are now known to be 
one of the greatest water-bearing formations in America, over 
1,000 wells already having been bored, furnishing an abundance 
of water to the rapidly increasing population. 

The Dakota Sandstone in Arkajisas. I have connected the 
Arkansas area of the Cretaceous with Texas in the past season's 
field labor, and in the course of these investigations mapped out 
the extent of every terrane in southern Indian Territory and north 
Texas, besides visiting all the historic Cretaceous localities, such 
as the Plains of the Kiamechia, from which the original type speci- 

10 
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mens of Gryphaea pitcheri Morton were collected and sent to Dr. 
Morton, and old Fort Washita, in Indian Territorj', where Mr. 
Jules Marcou' made his obsen'ations, and all the localities men- 
tioned by Drs. G. G. and Benj. F. Shumard. An interesting 
result of these labors was a complete study of the stratigraphy of 
the Dakota sandstones which were first recognized by Dr. B. F. 
Shumard in 1860, from fossil leaves at Denison, Texas.* These 
beds, I found, have a gmnd development from a few miles east of 
Gainesville nearly 200 miles east into Arkansas, where they out- 
crop in a single locality in the bed of Little river, as described but 
not identified on p. 182 of my report on the Neozoic geolog}' of 
southwest Arkansas. Bed river flows in the strike of these beds 
all the way from seven miles east of Denison, Texas, to the old 
Paris Fort, Towin Ferry, grand exposures being seen beneath the 
river alluvium and Quaternary beds in all the bluffs. At Arthur's 
ferry, where the St Louis and San Francisco road crosses Bed 
river are magnificent plant beds abounding in innumerable indi- 
viduals of all the typical Dakota dicotyledonous leaves. In addi- 
tion to this flora, there are interesting occurrences of molluscs 
(which are rare in the northeastern United States), which will give 
great light on the paleontology of the Dakota sandstone. The 
relation of these beds to the shallow and somewhat similar litho^ 
logic beds of the uppermost Lower Cretaceous is clearly uncon- 
formable, although casual observation would no doubt lead to 
their confusion. This tongue-like extension of the Dakota, east- 
ward, clearly is all south of the Wachita mountains, and gives 
new light on our Cretaceous history. 



MEGALONYX IN HOLMES COUNTY, OHIO, 1890, 

By E. W. Claypolb, Akron, O. 
I. 

About the end of December, 1890, there appeared in a local 
paper, the *<Millersburg Farmer," a notice of the discovery of 
some large fossil bones in a swamp near that town. Supposing 
that they belonged to the Mastodon whose skeleton is frequently 
found in an imperfect condition in the swamps of the state, I 

♦Trans. Acad. Sci., St. Louis, Vol. II, p. 152, 1861. 
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traced the communication, and secured through the courtesy of 
its editor, Mr. G. F. Newton, a copy of the paper in which men- 
tion was made of large claws and the belief expressed that the 
bones were those of Megalonyx and not of Mastodon. Further 
correspondence elicited a letter from Mr. W. S. Hanna, prosecut- 
ing attorney of Holmes county, by whom the identification had 
been made and fully confirmed the belief above expressed. I then 
visited Millersburg and on Jan. 10th, in company with Mr. 
Hanna, went out to the place where the bones had been found. 
The swamp in question lies about seven miles to the northeast of 
Millersburg on the farm of Mr. Drushell, and it was in the course 
of digging a ditch for the drainage of the same that the bones 
were discovered. G-reat care and intelligence had been displayed 
in extricating them by all the parties concerned. The bones were 
in excellent condition, and had been thoroughly washed with hot 
glue by Mrs. Drushell to preserve them. They showed no ten- 
dency to crumble and were nearly as heavy as if recent and dry. 
The first glance left no doubt regarding their nature. They were 
really, as asserted, the bones of Megalonyx. The owner gave me 
full permission to make all the notes and drawings desired, and 
from what I saw and heard the following account is drawn up. 

I. The hones found. 

The following contains the anatomical details of the find : 



Femur, 


two; about twenty In. long by 8 in, wide. 


Tibia. 


one. 


Radius, 


one; 20 inches. 


Fibula, 


two. 


Clavicle, 


one. 


Patella, 


two. 


Vertebras, lumbar, 


three. 


caudal. 


one. 


cervical? 


one; broken. 


Calcaneum, 


two. 


Hyoid, 


one. 


Phalanges, 


nine, excluding claws. 


Metacarpals and 




Metatarsals, 


five. 


Carpals and Tarsals, 


twenty-two. 


Ribs, whole, 


three. 


broken. 


five? 


Claws, 


eleven. 


Teeth, 


three. 



Altogether about 80 bones have been recovered from the swamp, 
of which nearly all are in excellent condition. The skeleton is 
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therefore still very far from complete. The total number of 
bones must have been nearly 250. About two-thirds are conse- 
quently still missing. 

It will be noticed that the list shows only five out of probably 
50 vertebrffi, and no part of either skull or pelvis except the three 
teeth. The second tibia is missing, also one radius and both 
ulnas besides many of the smaller bones and fifteen out of the 
eighteen teeth. There can be littie doubt that some if not most 
of these will be found when the weather permits further search. ^ 
At present the work is suspended, but it will be resumed later. 

The animal's hind legs lay close to the north side of the ditch, 
and would have been missed had it been dug a littie farther to 
the south. But on striking the first bone the interest excited led 
to extensive digging, and one after another was brought to light. 

II. The ground. 
The ditch is dug through peat to the depth of six feet where a 
layer of shell-marl occurs, and on this or slightiy embedded in it 
lay the skeleton. The plan pursued was to scarp the peat on the 
north side of the ditch down to the marl, and then to probe with 
a rod into the soft upright wall till a bone was struck, when the 
peat was carefully removed or undermined by two of the workmen, 
two others examining with their hands every shovelful that was 
thrown out so that even the smallest bone could scarcely escape 
notice. In this way a hole 20 feet by 15 had been excavated 
down to the surface of the marl. It was found necessary to dig 
down for a short distance into this in order to extricate one or 
two of the bones that seemed to have been pressed into it by their 
weight or by that of the overlying peat. But none of them were 
really buried in it, so that the death of the animal had apparently 
taken place since its formation and near the beginning of the 
accumulation of the peat To the depth and the nature of the 
material the bones seem to owe their preservation. It is observ- 
able that one or two of them, a claw for example, that occurred 
at a rather higher level were considerably decayed. 

III. Affinities of Meg al onyx. 
Megalonyx is one of the less known members of the order of 
Edentates, the best known of which are the sloths. This order 
comprises the lowest portion of the Eutherian subtribe of the 
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mammals. The living members are well differentiated from each 
other, bat a slight acquaintance with its palaeontology suffices to 
show that this sharp definition is due to the disappearance of man}^ 
intervening links that have dropped out of existence. The extinct 
members of this family far outnumber and outweigh their sur- 
vivors. Its glory has departed and it is now represented on earth 
by small and degenerate descendants of huge and powerful an- 
cestors, albeit we must doubtless grant that the former are better 
fitted to the environment of the day than would be the latter. 

South America is now, and so far as we know always has been, 
the metropolis of slothdom. More of the Edentate order now live 
on that continent than in any other part of the world, and it has 
yielded to our museums the greatest abundance of the gigantic 
fossil forms. Both the living and the extinct are alike distin- 
guished by certain features that mark them off from all other 
Mammalia. There is no enamel on the teeth, and no incisor or 
canine teeth are found (with a few exceptions) in any of the Eden- 
tates recent or extinct The teeth are all of the same pattern, are 
not shed, and grow during the whole life of the animal. Some of 
the family are also remarkable for being the only mammals that 
develop a hard external skeleton, the Armadillos and Olyptodons, 
for example. 

Not a single Edentate has been found on the continent of Eu- 
rope, nor, so far as is known, has any one ever lived there. 
Northern Asia and Australia have also yielded no traces of the 
order. But from South America its members ranged into jthe 
southern part of North America, and by means of land communi- 
cation that has since been destroyed, into Africa and southern 
Asia. The hairy ant-bears of Ethiopia, the scaly pangolins of 
India and Africa, and the Armadillos, ant-eaters and sloths of 
South America are all the species of the order that now survive. 
Of these the last only exceed a fox in size, while few of the rest 
are larger than a rabbit. • 

The following are the families into which the order is divided : 

1. The OrycteropodidflB or Ant-bears. 

2. The Manidse or Pangolins. 

3. The Dasypodidae or Armadillos. 

4. The Myrmecophagidse or Ant-eaters. 

6. The Glyptodontidae or Glyptodonts (extinct). 
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6. The Bradjpodidse or Sloths. 

7. The Megatheriidse or Megatherians (extinct). 

The first five of these require no further notice here, not being 
sufficiently cognate with the subject There remain only, there- 
fore, for consideration one living and one extinct family. 

The tree-sloths, to which of all existing species Megalonyx is 
most closely allied, are among the most singular of living mam- 
mals. They have been pitied by naturalists on account of their 
supposed faulty structure, but very unnecessarily. Buffon sup- 
posed that its < ^ existence must be a burden to the sloth. '' Cuvier 
fell into the same error. ** Nature seems,*' he says, **to have 
amused herself in producing something imperfect and grotesque 
with disproportioned structure and inconvenient organization.'' 
But these mistakes arose from seeing the animal out of its natural 
surroundings. The sloth whose sluggish movements on the 
ground, where it can neither walk nor stand but drags itself 
along, obtained for it its name, is constructed for living in the 
trees, not on or among the branches as monkeys, but under them, 
and for this life its structure is admirably adapted. Its long 
fore-legs, enormous pelvis and in-turning wrists and ankles compel 
it when on foot to walk or crawl on the outer edges of its feet 
and on the outer knuckles of its hands with the claws bent inward 
and upward as a man on all fours might crawl resting on the 
knuckles of the little fingers with fists doubled up and on the outer 
edges of his foot — a position as awkward to him as natural to the 
sloth. But put the creature into a tree and let it hang from & 
limb and it is by no means a sloth. It can climb with fair speed 
though its usual pace is slow, and in the tangled South American 
forests can pass for miles from tree to tree without descending to 
the ground. Clinging by the long hind claws and by one fore-foot 
with the other it draws together the branches and foliage on 
which it feeds. In this position it is free from fatigue, as is the 
horse when standing. During sleep it rests in the fork of a tree 
rolled almost into a circle and clasps the trunk with its fore-legs, 
protected to a large extent b}' the color of its hair which resem- 
bles dry grass or moss. Mr. Waterhouse even asserts that it fre- 
quently sleeps suspended. 

Its powerful claws are formidable weapons of defence. In 
danger the sloth throws itself on its back and seizing its enemy 
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attempts to crush it In this way it has been known to strangle a 
dog while still held at arm's length. 

Such are the sloths of the existing world. But those of the 
past — ^their ancestors — ^were animals of immense size and massive 
build. They combined in their structure several points not found 
in any single animal of the order at the present day — a usual 
fact in paleontology where the ancestor is less specialized than 
the descendant 

IV. Fossils of this order. 

With a single exception all the extinct fossil sloths belong to 
the family of megatherians, and as might be expected they are 
found for the most part in South America, where the almost 
boundless pampas probably conceal countless multitudes of these 
monsters. For 900 miles what is now a waving sea of grass only 
a few feet above high-water level was one vast estuary of the 
rivers Parana and Uruguay wherein their carcasses were buried. 
In his ** Journal of a Naturalist^ " Charles Darwin says : 

* * The number of the remains of these quadrupeds embedded in 
the vast deposits which form the pampas and cover the granitic 
rocks of Banda Oriental must be extraordinarily great I believe 
a straight line drawn in any direction through the country would 
strike one of these skeletons or bones. They did not perish in the 
marshes or muddy river-beds of the present land, but their bones 
have been exposed by the streams cutting the deposits in which 
they were embedded. The whole area of the pampas is one wide 
sepulchre of these gigantic quadrupeds." 

Of the huge extinct sloths, of which Mr. Darwin here writes, 
the megatherium was the earliest discovered, and is also the largest. 
In 1789, on the banks of the Luxan, alx>ut three miles from 
Buenos Ayres, and 100 feet below the surface, an almost entire 
specimen was dug up, and, of course, sent to Spain, where it was 
set up in the Royal Museum at >Iadrid. This is the original of 
the figure current in nearly all works on natural history. It was 
described by the great French naturalist, Cuvier — the foimder of 
vertebrate palaeontology — and b}- him named megaOurium Amtri- 



128 The American Geologist. Feb.isoi 

canum, but it has since been generally known by the name M. 
Cuvieri, given in his honor by Desmarest. * 

A second skeleton was found in 1795, at Lima, and since then 
several others, partially complete, have been discovered, and sent 
to Europe. The model in the British Museum was constructed 
from the study of detached bones preserved there, and in the 
Hunterian Museum of the Royal College of Surgeons, and is the 
origin of the second current figure of this animal, which represents 
it with the right hand clasping the trunk of a tree — a position 
somewhat hypothetical. 

This gigantic ground-sloth — ^for an animal of so massive propor- 
tions could not climb — ^measured 18 feet in length, and its bones 
are heavier than those of an elephant, the thigh-bone 1>eing three 
times as thick as that of the largest existing elephant. Its 
strength, as indicated by the ridges and crests, must have been 
enormous. It must, therefore, have sought its sustenance on the 
ground, and it was originally supposed to have lived on roots ; 
*' but, by a masterly piece of deductive reasoning, Sir Richard 
Owen showed that this great ground sloth lived on the foliage of 
trees as the existing sloth, but with this difference — that instead 
of climbing among the branches, it actually uprooted the tree 
bodily. In this ta^k, the animal sat upon its huge haunches and 
its mighty tail, as on a tripod, and then grasping the trunk with 
its powerful arms, either wrenched it up by the roots or broke it 
short off, above the ground. Marvellous as this may seem, it can 
be shown that every detail of the skeleton of the megathere ac- 
cords with the supposition that it obtained its food in this way. '* t 
(Lydekker's Manual of Palaeontology, p. 1296.) 

In thus seeking its food it would also find a use for its enor- 

* Several facts, not easy of explanation, induce the writer to ask if 
this is not the same skeleton as that which confronts the visitor in the 
I)a]ieontological museum, in the Jardin dcs Plantes? The resemblance 
Is strong. In that case, was it transferred from Madrid to Paris, dur- 
ing the occupation of the Peninsula by the armies of France during the 
Peninsula war ? The story of the Mosasaurus of Maestricht, is familiar 
to palaeontologists. 

+ In connection with this point, it was formerly suggested by Sir 
Woodbine Parish, that these animals might have lived on the American 
aloe {Agave Americana), being quite capable of chewing its hard and 
spiny leaves. It may also be mentioned that the specimen of the my- 
lodon described by Owen had had its skull twice fractured during life 
and healed. This, it has-been suggested, may have been caused by the 
fall of a tree which the creature was tearing up. 
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mous claws which were probably employed to scratch away the 
earth from the roots, so as to render the overthrow of the tree more 
«asy. There were four of these on each fore-foot and only one 
on each hind-foot, or ten in all, the outer toes being nailless. 
There were five teeth in the upper and four in the lower jaw on 
«ach side, or 18 in all. 

Two species, at least, are known of this genus. The second 
member of this family of giants that came to light was MyJodon 
rohtiHtus, a species somewhat smaller than Megatherium, being 
only about eleven feet in length. This, also, was disentombed 
from the Pleistocene deposits of Argentina. It differs from the 
preceding in a few minor points, such as the less massive lower 
jaw and the shorter and lighter skull. What has been said above 
of the habits of Megatherium applies equally well to Mylodon. 
It was about as large and heavy as a rhinoceros. 

The earliest ^eleton of the Mylodon was brought to England, in 
1841, by Sir Woodbine Parish, from the Salado river, Buenos 
Ayres, and described under the name of M, rohustus, by Prof. 
Owen, in a magnificent quarto work. It was afterwards set up in 
the museum of the Royal College of Surgeons (of which Prof. 
Owen was then curator), and where it still stands. It is very 
nearl}' perfect. Another, almost equally complete, was set up 
about three years ago, in the British Museum at South Kensing- 
ton. These two are, I believe, the only nearly perfect skeletons 
known. 

Several other species have been found. They are M. armatus, 
the largest, from La Plata, M. darwini, brought by Darwin from 
Patagonia and M, Uarlini — the tjpe — ^from the Big-Bone-Lick in 
Kentucky. This last was the earliest specimen that came to light 
as far back as 1835, when a jaw-bone was described by Harlan 
^as Megalonyx laqueatu8\ and by Owen dedicated to him in 1841. 
For years no more of the animal was known than the single bone 
in the cabinet of the Lyceum of Natural History of New York. 
But a few more teeth and fragments of bone .have since been dis- 
iiovered in South Carolina, Oregon, Missouri, Mississippi and 
Kentucky. 

The pampas have also yielded the type of Skelidotherium {lep- 
tocephalum)^ also described by Prof. Owen, and of which a partial 
skeleton has been set up in the museum at Bologna, under the 
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charge of Prof. Capellini. This is the only specimen yet obtained 
aside from detached bones. A figure of this may be seen in 
Nicholson and Lyddeker's '< Palaeontology. " The head is longer 
and thinner than in either of the aforementioned genera, and the 
feet, so far as known, indicate considerable difference. The whole 
animal is less massive and is as it stands about 9 feet long. Its 
discovery was announced by Darwin on his return from South 
America, and the bones which he brought home are in the mu- 
seum at South Kensington. 

Of Skelidotherium, about seven species have been named. But 
the member of this remarkable family which most closely concerns 
this paper is Megalonyx. Generally closely resembling the above 
it yet differs in some points of less moment such as the perforated 
humerus, the long interval between the first and second teeth. The 
alread}' given description and habits of Megatherium and Mylodon 
need not be repeated. * 

The history of the known specimens of this animal is not less 
interesting than that of those already referred to. The earliest 
mention of it occurs in the proceedings of the American Philo- 
sophical Society, the parent of scientific societies in this country, 
and whose founder and leading spirit was Benjamin Franklin. 
Here, under date of August 19, 1796, occurs the following entry : 

** Jefferson's letter to Rittenhouse (deceased) describing bonea 
of extraordinary size found beyond the Blue Mountains, in Vir- 
ginia, appearing to be of the tyger, lion and panther species, was 
read by Dr. Barton." 

Again, at an adjourned meeting on March 10, 1797, occurs the 
entry : 

** Jefferson's memoire on the discovery of certain bones of quad- 
ruped of the " blank space left, as if the secretary intended 

to enter the full title at a more convenient season which never 
came. 

Also the following : 

* * Resolved J That this memoire be put into the hands of the Com- 
mittee of Selection of Publication, and said company are instructed 
to employ a proper person to undertake and execute drawings of 
the several bones exhibited («ic) by Mr. Jefferson with his memoire 
and in it referred to. 

^^ Resolcetfy That it is the request of the society to Mr. Peal he 
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may cause those bones to be put in the best order for the society's 



usa" 



The Committee of Publication consisted apparently of Dr. C. 
Wistar as chief, for as we further read: 

** 1799, March 1, Wistar's description of the bones of the un- 
known animal, referred to Dr. Shippen for examination." 

And at the next meeting : 

**Dr. Shippen reported Dr. Wistar's description of the bones to 
be very accurate. Publication ordered. " 

Thomas Jefferson was, at the date in question, the president of 
the society and an active member ; and, when later, he became 
President of the United States, he did not lose his interest in sci- 
entific pursuits, being reelected to both offices, and holding both 
for several years together till compelled by the pressure of politi- 
cal duties to resign the former. 

The full title of the paper mentioned above, was *' A Memoir 
on the Discovery of certain Bones of a Quadruped of the Clawed 
Kind, in the western parts of Virginia, " and in it the author sug- 
gested the name Megalonyx, in allusion to the enormous claw^ 
which was one of the most striking of the specimens. This was 
adopted by Wistar in his account ; and when Dr. Harlan later and 
more fully described them, and, as he supposed, another species 
also, he conferred on the former the deserved specific name derived 
from that of the statesman who first made them known — Megal- 
onyx Jeffersonii. 

This first find was made in a cave in Greenbrier county, West 
Virginia, and consisted of a broken femur, a radius and ulna, 
three metacarpals, three claws and four other phalanges. They 
are now in the cabinet of the Academy of Natural Sciences at 
Philadelphia. Other bones belonging to the same find were car- 
ried away by different people and lost or placed in other museums 
and their history forgotten. 

Besides these bones — the original and classical specimen of this 
great Edentate — there are in the same collection about 20 frag- 
ments of another young Megalonyx from Big Bone Cave in Ten- 
nessee, a humerus from Big Bone Lick, Kentucky, and a rib which 
is thought to belong to Jefferson's specimen, a skull, with aV)out 
a score of bones and teeth, more or less perfect, from Mississippi ; 
another skull and about 50 whole and broken bones from the 
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mouth of Canoe creek, in Kentucky, on the Ohio. These, with a 
few teeth and claws from various places, and now in different col- 
lections, constitute nearly all the material available for the study 
of Megalonyx. No pelvis has yet been found with the exception 
of a fragment or two. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Ninth Annual Report of the United States Oeologlcal Survey to the 
Secretary of tfie Interior, 1887-88. By J. W. Powell, Director, pp. 
xiii, 717; with 88 plates and maps, and 61 figures in the text. (Wash- 
ington, 1889.) 

Though this volume relates to the work done during the fiscal year 
ending June 30, 1888, and the imprint bears date of the next year, it 
was distributed to the working geologists of the country so late as Decem- 
ber, 1890. The first 200 pages contain the report of the director, and 
the administrative reports of chiefs of divisions, with a financial state- 
ment of the disbursements for the Survey during the year. So long de- 
lay in the publication has been due, probably, to the slow progress in 
printing the accompanying papers, which make up the remainder of the 
volume, namely : The Charleston Earthquake, by Capt. C. E. Dutton ; 
The Geology of Cape Ann, Massachusetts, by Prof. N. S. Shaler ; Forma- 
tion of Travertine and Siliceous Sinter by the Vegetation of Hot Springs, 
by Mr. W. H. Weed; and Geology and Physiography of a portion of north- 
western Colorado and adjacent parts of Utah and Wyoming, by Dr. C. 
A. White. A review of Dr. White's paper has been already given In our 
January number, and the other papers will be noticed later. - 

Lake Bonneville, By Grove Karl Gilbert, pp. xx, 438 ; with a 
large folded map, 51 plates, and 51 figures in the text. ( Monographs 
of the U. S. Geological Survey, vol. i, 1890.) The largest one of the 
many lakes which were formed during the Pleistocene period in the 
Great Basin, named lake Bonneville for the earliest explorer of its re- 
gion, covered at its maximum stage an area of 19,750 square miles, lying 
mostly in northwestern Utah but extending also into the borders of 
Nevada and Idaho. It was about ten times as large as its present repre- 
sentative, Great Salt lake, which, having a mean hight of 4,208 feet 
above the sea, lies 1,000 feet below the highest of the ancient shore- 
lines. The maximum depth of the Pleistocene lake was about 1,050 feet, 
while that of Great Salt lake, in its range from the lowest to the high- 
<?st stage within the past forty years, is from 36 to 49 feet. The hydro- 
graphic basin of lake Bonneville comprised a fourth part of the Great 
Basin, whose total area is estimated to be 210,000 square miles ; almost 
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another quarter was tributary to the companion, lake Lahontan, de- 
scribed in a previous monograph by Bussell ; and the remaining half of 
this arid region of interior drainage held some twenty-five smaller lakes, 
much exceeding, however, the saline lakes and playas to which they are 
now reduced. 

Foremost among the conditions producing the arid climate of the 
Great Basin and of the peninsula of Lower California, as pointed out 
by Dutton, is the branch of the Kuro Siwa current which sweeps south- 
ward with a width of about 300 miles along our Pacific coast. At tho 
north this current is warmer than the adjoining part of the ocean, and 
the warm winds blowing from it over Alaska, British Columbia, Wash- 
ington,* and western Oregon, are cooled by the land and precipitate their 
abundant moisture in copious rains; but as this current continues to 
lower latitudes it slowly loses its heat and on the coast of California is 
cooler than the oceanic area farther west, so that the winds crossing it 
are cooled and depleted of much of their moisture before reaching the 
land. In these latitudes, moreover, the heated land area during the 
greater part of the year condenses little or no rain from these winds, ex- 
cepting on the high mountain ranges. Plentiful rains and snows fall on 
the lofty Sierra Nevada, extending 400 miles along tho west side of the 
Great Basin, into which the air currents then descend, thirsty for 
evaporation. 

But the shore-lines and lacustrine beds of lake Bonneville, like those 
of lake Lahontan, demonstrate that twice the Pleistocene climate of this 
region became more humid, though to less degree than the present 
climate of the eastern half of the United States. The humid epochs 
were divided by a long interval of aridity, in which, as Mr. Gilbert has 
shown, lake Bonneville was perhaps wholly evaporated, its soluble 
mineral matter becoming intermingled and covered with playa silts, so 
that it could not be redissolved by the water of the lake during its 
second rise, whitih may have been nearly fresh. The first great rise of 
lake Bonneville, lifting its level to within 90 feet of the lowest point of 
the enclosing water-shed, is recorded by numerous beaches, marking tho 
oscillations of the lake level under the varying influence of secular 
climatic changes, and by a thick lacustrine deposit of yellow clay. A 
long Interlacustrine epoch is known by overlying alluvial gravel and 
sand. The second rise of the lake reached the level of overflow, ap- 
parently after the water surface had been long held within five to twenty 
feet below that level, forming a widely spread deposit of white marl, 
and the well defined highest beach ridges and eroded cliffs, which Gil- 
bert names the Bonneville shore-line. The time required for the great 
amount of wave-work at this level would be made possible by long con- 
tinued underground drainage from the lake through the alluvial deposit 
of Cache Valley, over which a slightly higher rise of the lake finally gained 
a superficial outflow to the Columbia river, and then rapidly cut a channel 
375 feet deep in the alluvium to a sill of limestone. At this lower level, 
marked by the Provo shore-line and deltas, the lake was lield for a long 
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time, perhaps occasionally interrupted by dry climate and fall of the 
water, too low to maintain its outlet. 

Glaciers descending the cafLons on the west front of the Wasatch range 
attained their maxium extent, pushing their moraines into lake Bonne- 
ville, during the time of formation of the Pro vo shore-line. From these 
moraines and from those of Sierra Nevada extending iuto the Pleisto- 
cene area of lake Mono, the glaciation of the Cordilleran region is 
known to have been contemporaneous with the epochs of humid climate 
and extension of lakes in the Great Basin, the interlacus trine epoch be- 
ing attended probably with a nearly or quite complete departure of the 
glaciers and ice-fields on the mountains. 

Inquiring what were the causes of these great climatic changes, the 
author shows that a bodily uplift of the entire district, including the 
Great Basin and the adjacent mountains, would favor the growth of both 
lakes and glaciers, while conversely they would be diminished by de- 
pression of the district. Evidences of Pleistocene elevation of the land, 
corresponding to the glacial and lacustrine epochs, are found in the 
deeply submerged channels near Cape Mendocino, which have been 
described by Prof. George Davidson of the U. S. Coast Survey. On the 
other hand, proofs of Pleistocene depression, referable probably to the 
time of temporary retreat of the glaciers and lowering or desiccation of 
lakes in the Great Basin between their two stages of high water, are 
supplied by the marine terraces of the Columbia and Frazer basins cited 
by Gilbert, and by the Pleistocene beds of the Californian coast recently 
described by Dall as rising gradually toward the south until at Monterey 
and southward they are about 600 feet above the sea level. 

Frequent eruptions of basalt have occurred within the area of lake 
Bonneville, the earliest belonging to the Tertiary era, long before the 
existence of the lake, others successively to the time between its first 
and second maximum stages, to the date of the Provo shore-line, and to 
the recent epoch since lake Bonneville was reduced to the Great Salt lake. 

Uplifting of the Wasatch range is shown to be still in progress by 
post-Bon neville fault scarps. Independent of these, a deformation of 
the area of the Pleistocene lake has taken place, by which its central por- 
tion is uplifted about 170 feet in comparison with its boundary ; and this 
deformation of the planes of the old shore-lines is regarded by the author 
as probably due to the drying away of the lake, the removal of this weight 
of water being attended by viscous distortion of the earth's crust. 

The last chapter of this valuable and very interesting monograph dis- 
cusses the age of the Equus fauna, which at its type locality is contained 
in lake beds that are correlated with the uppermost of the Lahontan and 
Bonneville beds ; and the conclusion is reached that this fauna, pre- 
viously called late Pliocene, is instead to be referred to a late stage of 
the Pleistocene or Glacial period. 

Preliminary Account of the FosHl Mammals from the White River 
a/nd Loup Fork formationa contained in the Museum of Comparative 
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Zoology, By W. B. Scott and Henry F. Osborn. Although the first 
part of this paper was published in September, 1887, the contents of 
both parts may here be conveniently noticed, as the paper has been but 
recently concluded. As in other of their joint writings, the authors 
have divided their labor, the treatment of the Camivora and Artiodac' 
tyUi being by professor Scott and that of the PeHssodactyla by professor 
Osborn. 

Part I, constituting No. 5 of vol. xiu of the Bulletin of the Museum 
of Comparative ZoOlogy at Harvard College, treats of White river Mio- 
cene mammals from Nebraska and Dakota. 

The skeleton of Hoplophoneus is very fully described and is illustrated 
with a restoration. Oreodon ora4:lli8 is found to possess a pollcx, thus 
removing any suspicion that Prof. Scott's description of a pollez in O. 
culbertstmi may have been based on a case of abnormal polydactylism. 
A skull and a hind foot, supposed to pertain to a single species, and 
referred to the European genus Hyotherium, yield the first record of 
this genus from America and are described under the name Hyothe- 
Hum {f) americamum. A study of the dentition and skeleton of Lepto- 
tneryx leads the authors to consider this genus, with Schlosser, as a 
true traguline, as opposed to BQtimeyer's view that it is more nearly 
allied to the Camelidce, Illustrated comparative studies of the skulls of 
Menodti8 coVoradoemiSt and the new species, 3f. tkhocerast M. dolichoce- 
ras, and M. platycercbs, and a restoration of the skeleton of M. proutU 
are given. The genus Metamynodon is described as a successor of the 
middle and upper Eocene genus, Awynodon and of about double the 
size and strength of the latter, equalling in size the largest of modern 
rhinoceroses and representing a line distinct from that of Hyracodon, 
AoercUheriumt or Diceratherium. Portions of the skeleton of Aceror 
therium are described. The resemblance of Hyracodon to Hyrachyus 
and its analogies with the horse are mentioned, and two new species of 
the former genus, H*. pVanieeps and H. Major are described. 

Part II of this paper, constituting vol. xx, No. 3, of the above men- 
tioned Bulletin, bears date of November, 1890, and is devoted especially 
to lioup Fork mammalia from Nebraska and Kansas. The following 
are the more important observations brought out in it : The discovery 
of the mandible of JElurodon hycBnoides. The discovery of a femur 
closely like that of a lion, but Indicating an animal larger than and 
distinct from SmUodon, The determination of the foot-structure of 
Meryoochcerus (previously partly effected by Cope), which is found to be 
closely similar to that of Merychyiu. A very complete description of 
the manus and pes of Blastomeryx, the genus being regarded, with 
Cope, as being in the ancestral line of the distinctively American deer. 
An account of the dentition and a description and restoration of the 
skeleton of Cosoryx, which is regarded as probably having its ancestry 
among John Day Miocene forms of Blaatomeryx, and (with Cope) as 
itself ancestral to Antilocapra, Observations on the molars of the 
equine series. Observations on the manus and pes of Aceratherium, 
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A description and restoration of the skeleton of Aphelops fossiger. A 
discussion of the homologies of the elements of the molar teeth in 
rhinoceroses. A study ot the brain-characters of Mesohippus and 
AphelapSf including a comparison of the brain-casts of Aphelops, Acera- 
theriimi and Ceratorhinus, from which the conclusion is drawn that 
**the steady brain-growth of the ungulates during the Eocene and 
early Miocene periods reached its highest point in some families of the 
later Miocene, and was followed by a degeneration." The announce- 
ment of Cfialicotherium fVom the Loup Fork of Nebraska and the proba- 
ble identification with it of Moropus elatua Marsh, from the Loup Fork 
of Kansas. 

This important contribution to the knowledge of North American 
Tertiary Mammalia is the forerunner of "a memoir upon the Cambridge 
collection of Miocene Mammals, which is now in preparation." 

CUutHJlcation of the glacial sediments of Maine. George H. Stone. 
(Am. Jour. Sci. Vol. xl, August, 1890. — This paper notes the features 
of the drift in the central and southern portions of Maine, and in par- 
ticular those modifications of the glacial deposits which are due to the 
presence of the waters of the Atlantic ocean when at a higher level 
than the present. 

1. Isolated Karnes,* wiz,, those short ridges so distant from all other 
glacial sediments that if they had any other cotemporary correlative 
sediments they are not known. They are found in all parts of Maine 
except possibly in the extreme north. They are supposed to have been 
formed in channels in the glacier. 

2. Hill-side Karnes, found on the south slopes of rather high hills, 
expanding toward the bottom into a plexus of reticulated ridges, of 
coarse sediment above and finer below, as if the depositing river entered 
a body of still water, or in some way lost its carrying power. These 
are found above the level of 230 feet. 

3. Karnes ending In marine deltas. This is shown by the horizontal 
transition of the gravel of the kame first into sand and then into clay 
containing marine fossils. 

4. Karnes ending in lacustrine deltas. These are found only above 
tht contour line of 230 feet above sea-level. These exhibit the same 
horizontal sorting of the sediments as the marine deltas (No. 3) but 
they do not contain marine fossils. 

5. Massive Kamc-plains. These are extended gravel plains mostly 
found below 230 feet formed by glacial rivers carrying abundant glacial 
debris and not checked in their course by any large body of open water 
so as to allow of the dropping of their finer sediment. 

6. Discontinuous Kame systems. These are in linear series separated 
by Intervals of varying length. These fragments of ridges are sep- 
arated by expanses of unmodified till, and are almost exclusively con- 
fined to the coastal region below 230 feet above the sea. There is, ac- 
cording to Prof. Stone, a general law prevailing; viz., that at about 230 
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feet above the sea there Is a maximum development of glacial sediments, 
and that they diminish in amount in opposite directions from this line, 
the gravels in particular becoming more and more discontinuous in ap* 
proaching the coast. 

7. The osanra. These are longer two-sided gravel ridges some of 
them extending more than 100 miles northward. At their southern 
extremities, about the level of 230 feet, they break up into non-continu- 
ous kames ( No. 6) and finally disappear in marine deltas. 

8. Broad oaanrs or osar plains. These are simply local expansions of 
the 08ar8(No. 7) into plains due to the widening of the Ice valley In 
which the glacial river flowed. Prof. Stone regards the rivers, at these 
places, as having been probably open upward to the sun, but leaves us 
to infer that in general he considers the river that produced the osar 
proper to have been subglacial. These 6sar plains when later cut down 
by streams show the origin of the terraces composed of glacial sedi- 
ments that accompany so many valleys in New England. 

9. Tfie reticulated kame8. This is a " plexus " of ridges, containing 
kettle holes, found at the landward ends of the marine and lacustrine 
deltas. In general they appear to be only a feature of the deltas, but 
some are found unconnected with deltas. They are between 230 and 600 
feet above the present sea level, mostly in rather broad valleys and In 
level regions. They seem to be due to a concentrated action, or to a 
duplicated effect of several glacial streams entering the genera] valley 
at these points, and also to a gradual shifting of the course of the 
streams near their mouths due to the gradual recession of the ice 
margin. 

10. Osar h&rder-clays. This is a broad-channel deposit of finer ma- 
terials, due to the same conditions and forces. 

11. Franlal plains. These are plains of sediment brought by glacial 
streams down to the extremity of the glacier and then spread suba^rially 
over the land in front of the ice. It is hence a "valley drift" of glacial 
date. 

12. Much of the so-called valley drift, or thick sheets of alluvium 
which covers the larger valleys of New England, is not considered as 
the result of post-glacial erosion of the till by ordinary atmospheric 
forces, but rather a frontal-plain deposit which accumulated rapidly 
after the ice had retreated to some distance northward but was yet able, 
in its later dissolution, to swell all the streams. The fine material he 
considers may have been largely of super-glacial pos6 before It left the 
ice. 

Prof. Stone has given very careful and thoughtful attention to the 
coastal deposits of Maine, as correlated with the glacial epoch, and he 
has added much that will enter into the solution of questions that are 
very prominent touching the nature and origin of a series of beds lately 
named the "Columbia formation" by McGee, and their relations to the 
"Champlain" clays of Hitchcock as well as to the Laurontlan and 
Algonquin of Desor. 
11 
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LIST OF RECENT PUBLICATIONS. 



i. State and Oovemment reports. 

The palaeozoic fishes of North America. By John Strong Newberry. 
Monograph XVI. U. S. Geol. Survey, Quarto, pp. 228, 53 plates of 
fossil forms. 

The Building-stone of New York. John C. Smock, Bui. N. Y. State 
Museum, Vol. II, No. 10, 1890. 

Mineral Resources, U. S. 1888. David T.'Day, Washington, 1890. 

Bulletins U. S. Geol. Survey, viz: No. 58, The glacial boundary in 
Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, Geo. F. 
Wright, (Reviewed in the Geoixmjist, Vol. VI, p. 390); No. 59, The 
gabbros and associated rocks in Delaware. Frederick D. Chester ; No. 
60, Report of work in the department of Chemistry and Physics, in 1887-8, 

F. W. Clarke ; No. 61, Contributions to the mineralog y of the Pacific 
coast, Melville and Lindgren ; No. 63, A bibliography of North Amer- 
ican Crustacea, from 1698 to 1889, including a list of North American 
species and a systematic arrangement of genera, Anthony W. Vogdes ; 
A report of work done in the division of Chemistry and Physics, mainly 
during the year 1888-89, F. W. Clark ; No. 66, On a group of volcanic 
rocks from the Tewan mountains, New Mexico, and on the occurrence 
of primary quartz in certain basalts, J. P. Iddings. 

Tenth annual report of the California State Mining bureau, William 
Irelan, Jr., Sacramento, for the year 1890. Octavo, pp. 983, accompa- 
nied by a case of six colored maps and diagrams. Illustrated by num- 
erous plates and figures. 

Geolog. and Nat. Hist. Surv. Minnesota, Eighteenth report, for 1889. 
8vo, 234 pp., Minneapolis. 

Ninth annual report of U. S.Geol. Surv., 1887-8, 4to, pp. xili. and 717. 

Lake Bonneville, by G. K. Gilbert. Monograph, No. 1, U. S; Geol, 
Surv., pp. xiii, and 438. 

2, Proceedings of Scientiflc Societies. 

Appalachia, Vol. VI, No. 2, contains ; Ascent of the volcanoes Nan- 
taisan, Asama-yama and Nasu-takc, W. J. Holland ; The great Smoky 
mountains and Thunderhead peak, Frank O. Carpenter ; The San Juan 
mountains, Frederick H. Chapin ; An ascent of Sierra Blanca, Charles 

G. Van Bnint. 

Proceed. Phil. Acad. Nat. Sci., Part II, Apr. -Sept., 1890, contains: 
Synopsis of American Carbonic Calyphaeidae, Chas. R. Keyes (Reviewed 
in the Geologist, Vol. VI, p. 248); Hippothcrium and Rhinoceros from 
Florida, Joseph Leidy; Mastodon and Capybara of South Carolina; 
Barometric observations among the high volcanoes of Mexico, with a 
consideration of the culminating point of the North American continent. 
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Angelo Heilprin ; An account of the VIncelonian volcano, Benj. Sharp. 

Bulletin of the Santa Barbara society of Natural History, Vol. No. 2. 

Iowa Cin. Soc. Nat. Hist., Oct., 1890, contains : New and little known 
American palseozolc ostracoda, E, O. Ulrich ; Ck)ncerning a skeleton of 
the great fossil beaver, Castoroides ohiocnsis, Joseph Moore. 

Transactions, N. Y. Acad. Scl. May-June, 1890, contains : By Geo. F. 
Kunz, descriptions and notes on the following meteorites, Kiowa, Bridge- 
water Burke Co., N. C, Blount Co., Ala., Rutherford Co., N. C, Hay- 
wood Co., N. C, Winnebago Co. Iowa; The change in our climate and 
the cause, E. B. Dunn. 

3, Papers in Scientific Journals. 

Canadian Record of Science, Vol. IV, No. 3, July, 1890. The Quebec 
Group of Logan, Sir William Dawson. 

Am. Nat., Dec. No., The naticoid genus Strophostylus, Chas. R. Keyes. 

School of Mines Quarterly, Nov. Outbursts of gas in metalliferous 
mines, Barnett H, Brough : Examination of mines, H. S. Monroe. 



CORRESPOI^DENCE. 



Was Lake Iroquois an Arm op the Sea? During the meeting of 
the Geological Society at Washington, I learned from professor Spencer 
that I had confused his lake Iroquois with his lake Algonquin, in my 
note to your Journal a month ago. If I now understand him correctly, 
it was lake Algonquin that stood at the higher level, uniting the basins 
of Erie and Ontario; while lake Iroquois was the reduced body of water 
in the Ontario basin, after the separation of Algonquin into two parts. 
Professor Spencer's contention is that Iroquois was at sea-level, and not 
held up above sea-level by a barrier of ice in the lower St. Lawrence 
valley. My note should therefore have referred to the outlet of the 
Iroquois waters past Rome, N. Y., down the valley of the Mohawk. 
Mr. Gilbert's observations seem to prove the existence of such an outlet, 
and I wished to know how professor Spencer explained it on the suppo- 
sition that Iroquois was an arm of the sea. 

But this question is answered in a paper by professor Spencer in the 
American Journal of Science for December, to which he referred me and 
in which he says: ** Even the coincidence of the shallow and small chan- 
nel, discovered by Mr. Gilbert, connecting the Iroquois waters with the 
sea by the Mohawk valley, or of the broader and lower valley of lake 
Champlain, does not prove the necessity of a former barrier across the 
St. Lawrence valley, any more than the narrow channels among tho 
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gigantic islands north of Hudson bay would prove the former presence 
of a dam holding in the waters of that bay, were the whole country ele- 
vated" (p. 450). Although I have done no field work worth mentioning 
on the shore-lines of these ancient lakes, the question of the origin of 
the lakes has interested me greatly, and I have for some time regarded 
them as most probably the combined result of prc-glacial erosion, glacial 
excavation and postglacial warping, with perhaps some assistance from 
local glacial depression, as suggested by Chamberlin. The shahe that 
warping may have had in this result depends in part on the former 
altitude as well as on the altitude of the continent, and professor Spen- 
cer claims to have shown that the continental altitude at a certain time 
may be determined by means of the old shore-lines, which he interprets 
as having been made on the margin of a bay, and therefore at sea-level. 
Hence the interest attaching to his explanation of the outlet by the 
Mohawk valley. The comparison that he makes between Iroquois and 
Hudson bays is in one respect perfectly fair, but there are four considera- 
tions that appear to me to invalidate the comparison completely. The 
first is the close correspondence of the Iroquois shore-lines with the 
level of the Mohawk passage; this correspondence would be of accidental 
origin if Iroquois were a bay; but it would be an essential feature if 
the passage were an outlet. Second, if Iroquois were a bay, the shore- 
lines should be found at the same level, except for their subsequent 
warping, on both sides of the passage; and as far as observation goes, 
no Iroquois shore-lines are reported on the eastern or outlet side of 
the Mohawk valley. Third, the Mohawk valley shows signs of former 
occupation by a river of much larger volume than the present Mohawk. 
Fourth, it is not only in Iroquois that the correspondence in the levels 
of old shore-lines and outlets is found; the same correspondence is 
known to have occurred in the case of the expanded shores of Erie, 
when it rose to the level of the Maumce-Wabash passage (Spencer's 
Algonquin); and still better in the case of lake Agassiz, when its waters 
rose so as to cross the pass between Big Stone and Traverse lakes, by 
which its basin was separated from the Minnesota-Mississippi valley. 
Large post-glacial lakes with outlets over low passes appear therefore 
to have characterized a recent epoch in our history. Arms of the sea 
were very likely expanded at about the same time, but they did not 
reach Iroquois or Agassiz. 

The question then remains, by what barrier were these lakes held up 
at tholr other end; and the answer generally given is, by the retreating 
ice-sheet. It is eminently proper that we should be slow to accept so 
curious an explanation; it is certainly true that existing glacial lakes 
are small and evanescent; and it is very questionable what thickness of 
Ice would be needed to hold in the waters of Iroquois and its fellows; 
but at present, we must regard these bodies of water as lakes, and no 
explanation for the lakes has yet boon suggested that can displace the 
glacial hypothesis. W. M. Davis. 

Harwird CollegCy CarhJjridgc, ^fa88.J Jan. 5, 1891. 
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PERSONAL AND SCIENTIFIC NEWS. 



Pleistocene Papers at the Meeting op the Geolocucal 
Society OF America, Washincjton, Dec. 29-31, 1890. — Prof, J. 
W. Spencers paper, read Monday afternoon, Dec. 29, on *' Post- 
pliocene Continental Subsidence," set forth tlie evidences affonled 
by (lords and submarine vallej'S, like that of the Hudson, that the 
greater part of North America has been depressed 3,000 feet, 
more or less, since the Pliocene period. On the Atlantic coast 
northward to New York and Massachusetts, and on portions of 
the shores of the eastern provinces of Canada, this subsidence is 
still going forward, as shown by stumps of trees standing where 
they grew but now covered b}' the sea. But the region about 
Hudson bay, according to Dr. Robert Bell's observations, is now 
being elevated, and professor Spencer believes that the postglacial 
elevation of the region of the Laurentian lakes, which in places 
has amounted to not less than 500 feet, is also still slowly in 
progress. 

Mondaj' evening Prof. W. M. Davis presented * * Illustrations of 
the Structure of Glacial Sand Plains," a series of excellent stere- 
opticon views, from photographs by himself and H. L. Rich, of 
small sand plains of stratified drift, with their associated esker 
ridges of gravel and sand, situated in the vicinity of Boston. 
The formation of these deposits was referred to the action of 
streams produced b}' the melting of the ice-sheet, the materials, 
which were rapidly deposited, having been englacial drift enclosed 
in the lower part of the ice. 

In the same evening session, Mr. I. C. Russell gave a ver}' in- 
teresting account of his explorations during the past summer, with 
Mr. Mark B. Kerr, on Mt. St. Elias and the mountains extending 
thence fifty miles southward to Yakutat bay. A large map of the 
mountain ranges and glaciers was exhibited, showing valley 
glaciers on the south, terminating in Disenchantment bay : but 
from this bay and Yakutiit bay northwestward the valley glaciers 
merge into a terrace-like ice-field, named by Russell the Piedmont or 
Malaspina glacier, ten to twenty miles wide and more than fifty 
miles long, bordering the coast. The surface of this great ice- 
field in its seaward portion is covered with drift to depths varying 
from a few inches to several feet ; and on this superglacial soil 
a profuse growth of flowering plants springs up in many j)laces 
during the short summer, while other parts of the same tract are 
clothed with a coniferous forest. Rivers flow through the Malas- 
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pina glacier, partly in subglacial courses, partly in cafion-like chan- 
nels, which are often underlaid by ice. A large stream, of which 
lantern views were shown, issues from an ice-tunnel and after flow- 
ing a considerable distance in a channel open to the sky disappears 
in another ice-tunnel, about 150 feet wide and 50 feet high. 

The age of the shales and sandstones which form Mt. St. Elias 
and the neighboring ranges is found to be late Pliocene or more 
probably Quaternary. Plentiful marine shells occur in these 
strata up to an elevation of 5,000 feet on the JEIitchcock range and 
Pinnacle pass, the species being the same that now inhabit the 
sea-shore of Alaska. The mountains have been formed by pro- 
found faulting, with upthrusts and tilting ; and the pyramidal 
sharp peak of St. Elias is found to be the uplifted comer of a 
great orographic block. There is no evidence of general glacia- 
tion upon the highest ranges, but the valley glaciers have been 
1,000 feet thicker than now. From their known recession at 
Disenchantment bay within the last hundred years, Mr. Russell 
concludes that the maximum extension of the Alaskan glaciers 
was attained only a few hundred years ago. 

Tuesda}- evening Mr. George F. Becker read a paper on * * An- 
tiquities from under Tuolumne Table Mountain, California," 
The authenticit}'^ of the discoveries of stone mortars and pestles, 
spear heads, human bones, and the famous Cala\neras skull, in the 
deep auriferous gravels of California, capped by lava-sheets, 
seems to be fully established. Mr. Becker therefore thinks that 
these gravels are probably no older than the glacial drift of other 
parts of North America and Europe in which the earliest other 
traces of man's existence are found. The uplifting of the Sierra 
Nevada and changes in the courses of streams there were appar- 
entl}' in part or whollj' early Pleistocene ; and the much later 
glaciation of the Sierra Nevada is probably to be correlated with 
the second Glacial epoch of the northeast part of the continent, 
or indeed may have occurred since the departure of the north- 
eastern ice-sheet. 

This was followed by a display of stereopticon views from Idaho 
and California, by Prof. G- F. Wright, with description of the 
Pleistocene lava deposits of the Snake river valley. The special 
interest of this paper related to the image found in an artesian 
boring at Nampa, Idaho, which is figured, with notes of the geo- 
logic section, in the Geologist, vol. iv., p. 387, Dec, 1889. 
Professor Wright also gave additional statements confirming the 
discoveries of human implements in the lava-capped gravels of 
Table mountain, California. 

Wednesday afternoon Prof. Edward Orton spoke of the recent 
discovery, less than two weeks before the meeting, of many of the 
bones of a Megalonyx jeffersonii Harlan, in central Ohio, during 
the excavation of a ditch for drainage. Several of the bones, in- 
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eluding a femur, all in a very perfect state of preservation, were 
exhibited before the Society ; and professor Orton stated that 
further exploration of the locality, when permitted by return of 
mild weather, will probabl}- recover additional parts of the skele- 
ton. It was found onlj' a slight depth beneath the surface, in a 
postglacial marl bed. The surprisingly late extinction of this and 
other gigantic Pleistocene mammals, after the culmination of the 
Glacial period, was noticed as verj^ difficult to be explained. 

The next paper was by Mr. Warren Upham, on the ** Glacial 
Lakes of Canada," formed during the recession of the ice-sheets 
which were temporary barriers across hydrographic basins now 
drained toward the north. Lake Agassiz, in Minnesota, North' 
Dakota and Manitoba, stretching north over the present sites of 
lakes Winnipeg and Manitoba, was described as the most exten- 
sive of these lakes. At the same time the great lakes now out- 
flowing by the St Lawrence were held at higher levels than now, 
as shown by their old shore lines ; and during later stages of the 
glacial recession gre$it glacial lakes were formed in the southern 
part of the basin of James and Hudson bays, outflowing south- 
ward over the continental water-shed at its lowest passes near 
Kenogami and Missinaibi lakes to lake Superior, and by lake 
Abittibi to the Ottawa. From the descriptions of the drift de- 
posits along the eastern base of the Rocky mountains and on the 
Peace river, given principally by Dr. G. M. Dawson, of the Cana- 
dian Geological Survey, Mr. Upham claimed that the eastern or 
Laurentide ice sheet and the western or Cordilleran ice-sheet be- 
came confluent during the culmination of the second Glacial 
epoch, the western ice probably wholly enveloping the Rocky 
mountains near the Peace river, where they rise only 3, 500 feet 
above the adjoining country and about 6,000 feet above the sea. 
The southern border of the confluent ice at that time appears to 
have reached to Wood mountain, the Cypress hills, and the 'sources 
of Milk river, in southern Assiniboia and Alberta ; and the ice- 
sheet of British Columbia, as determined by Dr. Dawson, covered 
isolated mountains 5,000 to 7,640 feet above the sea. 

In discussion of this paper. Dr. Dawson pointed out the diffi- 
culty of believing that the great plain country between Manitoba 
and the Rocky mountains was ever covered by an ice-sheet, in- 
stead of which he attributes the deposition of the drift there to 
floating ice during a marine or lacustrine submergence. 

Lack of time prevented the reading of several other papers on 
Pleistocene geology, probabl}' not less important, whose authors 
were absent ; but, with the foregoing, these will in due time ap- 
pear in printed form. 

Dr. W. Clark, of Berea, 0. , has been in the field again and 
has met with his accustomed success in discovering fossil fish. 
His previous work in this direction will be fresh in the mind of 



144 The American Geologist. Feb. i89i 

all fossil ichthyologists. His gigantic Titanichthys and many 
other specimens from northern Ohio enrich the collection of Dr. 
Newberry at Columbia College, New York. 

Dr. Clark has now an entire specimen of Cladodus resembling 
the one described. It is nearly six feet long and almost complete. 
From tip to tip of the expanded fin is a distance of twenty-one 
inches. The teeth are shown in a row but are not yet freed from 
the matrix. The fins are not set at the same angle to the body as 
in the specimen figured by Newberry as Cladodus kepleri. Each 
measures nine and a half by six and a half inches. It also differs 
from that species in the form of the head, teeth, fins and jaw, and 
he claims it as a new species. 

Another specimen so far as it is at present discernible indicates 
a new genus. The head is remarkably round, measuring five by 
four and a half inches, and there is a constriction between it and 
the body. Its length over all is about twenty-six and a quarter 
inches. 

A remarkable mandible of Titanichthys^ straighter than any 
previously found, and twenty-three inches long by three and three- 
quarters inches deep, is another interesting object in the collection 
as indicating a new species of the genus. 

He has also extracted from the matrix and put together with 
much skill a perfect jaw of Dinichthys^ only ten inches long by 
one and one-eighth deep, and differing from any yet known in its. 
exceedingly slender proportions and different structure. The cut- 
ting edge of the dentary bone terminates in a thin tooth strongly 
contrasting with the massive ending of the species previously 
described. 

But probably the most interesting of all Dr. Clark's recent 
discoveries, is a plate of an armor-clad fish from the Cleveland 
shale, resembling nothing yet described but recalling to some 
degree the general likeness of Glyptaspis as figured by Newberry 
in his late volume on palaeozoic fishes. But instead of being 
thick and overlapping, this plate is thin and shows no bevelled 
edges. The sculpture is also very fine and delicate. It measures 
eleven and a half by five inches. 

Dr. Clark has also the head of a Titanichthys that promises to 
furnish some new information on the structure of the heads of oar 
placoderm fishes, and which he promises soon to make public. 
He thinks that the classification of some of the fishes of the 
Cleveland shale is to say the least a little "mixed," and that from 
the material in his possession and his explanation of the same he 
will be able to establish his views. 

The Message of Gov. Francis, of Missouri, commends the 
geological survey of that state in its plan and progress, and asks 
the Legislature to make increased appropriation for its support 
and continuance. 
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JAMES MACFARLANE. 

By I. C. Whitk, Morsrantown, W. Va. 

The subject of this sketch, so well known to the geologists of 
America, was bom at Gettysburg, Pa., September, 2nd, 1819, 
and died of heart failure, at Towanda, Pa., October 12th, 1885. 

Connected by kindred ties with the best families of the Cumber- 
land Valley, and descended from a race proverbial for energy, 
thrift, and untiring industry, he was bom rich, not in material 
things, but in that far superior endowment, of clear intellect, ro- 
bust body, sturdy character, lofty aspirations and unconquerable 
will power, which characterizes the Scotch-Irish people. 

Happily gifted by nature with a wealth of generous and kindly 
sympathies, Mr. Macfarlane went forth from his Alma Mater, 
Pennsylvania College, in 1837, fully equipped for victory in life's 
stmggle. 

Upon his record as a successful engineer of the North Branch 
Canal, a leading member of the bar at Towanda, the successful 
coal operator and railway builder, who opened up and developed 
the celebrated Barclay ^lountain Coal Region, we cannot dwell, ex- 
cept to say that his ceaseless activity and tireless devotion to duty 
rendered him eminently successful in all his business ventures. 

Of philosophic mind, a close and keen observer, his experience 
as a coal operator gave him the opportunity to collect and elabor- 
ate the data which he embodied in that very mine of useful in- 
formation, as well as of popular scientific instruction, *' The Coal 
Begions of America." This justl}" famous work met with such a 

12 
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hearty reception by the general public, as well as by geologists in 
particular, that its author was encouraged to undertake the pre- 
paration of a volume for the latter's especial benefit, and the ap- 
pearance of **An American Geological Railway Guide," fresh 
from his pen, in 1879, was hailed by geologists everywhere, as a 
boon of greatest value. This book, so unique in conception, and 
happy in execution, put all geologists under a heavy debt of grat- 
itude to the author whose busy brain and hand had done so much 
for them. The amount of labor involved in the preparation of 
this little volume, can only be properly appreciated by those who 
have undertaken similar work. 

The edition was soon exhausted, and in 1883 Mr. Macfarlane, 
in response to an appreciative public, began the preparation of a 
new and greatly enlarged volume of the <* Guide," adding many 
novel and useful features. While in the midst of this labor the 
** dread summons " came suddenly, almost without warning, and 
the busy life was ended. 

The two celebrated works just mentioned entitled Mr. Macfar- 
lane to a high place among the contributors to the advancement of 
the science of geology ; but they do not constitute the whole of 
his work for geology. His articles on ** Coal," in Appleton's En- 
cyclopaedia and Gray's Atlas of Pennsylvania, * *0n the Formation 
of Canons," in Science, August, 1884, and on <<The Earthquake 
at New Madrid," at the Minneapolis meeting of the <*A. A. A. 
S. , " all attest the true scientific spirit as well as the geological ac 
umen of the author. 

Some of his best work for geologic science was of the kind 
that is of great importance, but often overlooked. He was really 
the father of the bill which inaugurated the second geological 
survey of Pennsylvania, and largely through his labors and influ- 
ence, were obtained the legislation and necessary appropriations 
which carried that vast work forward to such splendid results. A 
member of the Board of Commissioners of the survey from the 
beginning, he labored unceasingly in its interest, and probably did 
more tlian all others combined, to overcome popular prejudice 
against appropriations for such purposes. At the meetings of the 
Board he was the first to come, and the last to leave, and his 
practical knowledge of men, and good business qualities, combined 
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with his accurate geological knowledge, were of invaluable service 
to the survey. 

Of the most kindly, sympathetic and appreciative nature, he 
also did much for geolog}' in the words and acts of encourage- 
ment he alwaj's freely gave to the tyros in this science. Every 
new idea was welcomed, and was sure of a careful and judicial 
hearing at his hands. 

The following tribute to his memory, by the Reporter-Journal of 
Towanda, in its issue of October 15th, 1885, so fittingly describes 
Mr. Macfarlane as a man and a citizen, that it finds an appropri- 
ate place here : 

' * No man, perhaps, in our community, will be more missed in 
the place of his home, and certainly none whose death will be so 
generally mourned abroad. His busy life brought him in contact 
with leading business men of this and adjoining states, and with 
men prominent in letters and science the country through. No 
man of our town had so wide a circle of acquaintance, and none, 
we ma}*^ safely assert, had attained so eminent a place among the 
scholars and scientists of the land. By all his death will be long 
and sincerely mourned. But here, in Towanda — his home, where 
he was best known by his neighbors and fellow-townsmen, all of 
whom were his friends and to all of whom his death comes with 
the shock of a personal bereavement, will his death be longest 
and most deeply felt. For years he has gone out and in among 
us. His familiar form, his cheery voice, his genial manners and 
kindly words have been a part of our lives — a help, a very com- 
fort and inspiration. His life, although crowded with work as ver}"- 
few lives are, was not given wholly to study and research. The de- 
mands of family and friends were paramount, and work was never 
so pressing that he could not put it aside to devote himself to 
them. In the social circle he was a leading spirit. His gentle 
manners, his ready wit and kindly humor, joined to a mind stored 
with riches gathered from every department of literature, made 
him the prince of entertaiuei*s, and the best of companions. In 
the circle of kindred spirits where he was wont to meet from 
time to time, there is a vacancy that cannot be filled. " 

*'The death of such a man is a loss to our communitv — a loss 
which no man may measure. In projects tending to the material 
Improvement of our town he was foremost. It was his far. 



148 The American Geologist, March, i89i 

sighted sagacit}' that planned, and his indomitable will that helped 
to completion, the railroad that tapped the hidden wealth of Bar- 
clay mountain. He it was who has done so much since to develop 
the coal industry at other points in that region. The cause of 
education, religion, every deserving charity, found in him a liberal 
patron — a ready and eflflcient helper. His hand was in every good 
work. Very often it was unseen and unknown, but it was not the 
less helpful. The last act of his life was an act of charity. 
Many hearts whose load he has lightened on life's weary pathway, 
will hear of his death with deep and abiding sorrow. " 

*«But while we count the loss that has come to many of us 
with such benumbing force, let us not forget the gain — the profit 
of this busy life. One of the sublimest, as well as the most 
practical solutions of the problem of life, is that which regards it 
as a system of producing, and of man as a producer, who, if his 
life work has been faithful and active, leaves behind an addition 
to the common stock of the world's goods, which, first or last will 
be distributed for the benefit of the human race. The broadest 
and best moral to be drawn from our toil is included, so far as it 
relates to this world, in the duties and oflSces and end of the toil 
itself; in the good it drops." 

So it happens that the life of a self-made man, like James Mac- 
farlane, who has just passed over to the great majoritj^ of men of 
toil, is filled with example for profit. Beginning at the foot of 
the ladder, he came when young, to our town, not endowed with 
the capital of wealth, but with the capital of brain, with honest in- 
tention, a quick e3'e for business, a ready hand for his work, and 
unswerving and unchangeable integrity. . These were the qualities 
which he wrought into his accomplishments. He dies, not yet 
full of years, but leaving behind more material monuments of his 
industry than many great rulers, and more than all else, an exam- 
ple for the young men of this country, which will not soon be lost 
He has left us a sign by which men ma}^ conquer, and deserve to 
conquer in the battle of life, and win a victor}^ not for themselves 
alone, but for their kind. " 

" His life was gentle ; and the elements 
So mixed in him, that Nature might stand up 
And say to all the world, *Thl8 was a man.' " 

Mr. Macfarlane was married in 1847, to Miss Mary Overton, of 
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Towanda, who survived her devoted husband only three years. 
Six children, three sons and three daughters, were the fruit of this 
happy union. Their names acconling to age are as follows : 

Edward O., Towanda, Pa., Saperintendent of Barclay R. R. & Coal 
Co., and President Citizen's National Bank. 

Ella L., Wife of William Little, Esq., Towanda, Pa. 

Graham, Civil and Mining Engineer, Louisville, Ky. 

May C, Wife of E. J. Angle, Esq., Towanda, Pa. 

James R., Attorney at Law, Pittsburgh, Pa. 

Eugenia H., Towanda, Pa. 

It is to the youngest son, James K. Macfarlane, that geologists 
owe the completion of the second edition of the *' Guide. " Prob- 
ably none but the writer, and a few others, know under what 
great difficulties this volume was prepared. The death of the 
father had left all except the first portion in an unfinished condi- 
tion. Yet, at a great sacrifice of time and money, the young bar- 
rister, just starting in life, undertook as a labor of love and as a 
tribute to his father's memor}*, to gather up the broken threads of 
the ** Guide," to finish collecting material, and weave all into the 
orderly system the father had outlined. Few can form any esti- 
mate of the amount of work which thus devolved upon the son. 
During its progress he suffered a double bereavement, his loving 
mother and devoted wife, who had aided him much in his work, 
both' passing over to the * 'silent majority. " How well he accom- 
plished his self-imposed task, the volume of 426 pages, just is- 
sued during the past year, speaks for itself. Geologists cannot 
appreciate too highl}- the labor and self-sacrifice of the son, in 
thus carrrying forward to successful completion, under so many 
discouraging circumstances, a work involving so much toil for one 
whose daily occupation was foreign to subjects connected with 
geology-. 



MEGALONYX IN HOLMES COUNTY, OHIO, 1 890. 

By E. W. Claypolr, Akron, O. 
II. 

V. Geographical Rang p. 

The range of these extinct sloths is, generally speaking, nearly 
the same for all the genera. Confined entirely to the New World 
they were, for the most part, inhabiUmts of South America, but 
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some of them also occupied the southern portion of North America. 
Megatherium and Mylodon were two of these, while Skelidothe- 
rium of all species was so far as we know confined to South Amer- 
ica and Megalonyx to North America and the island of Cuba. At 
the same time it would be erroneous to infer that the same species 
were found in both parts of the New World, for this apparently 
was not the case. 

Two or three less known forms have been described — Nothro- 
theriuin, from Brazil ; Gnathopsis, of Leidy, from South America, 
and Ereptodon^ of the same author, from Mississippi. Only a de- 
tached bone or tooth of each of these genera is yet known. 

Hitherto, the remains of Megalon^^x have not been found farther 
north than Big Bone Lick, in Kentucky, about twentj- miles south- 
west of Cincinnati and in latitude 38^®. Greenbrier county. West 
Virginia lies in latitude 38°. At least, this is the case west of the 
Alleghanies. Possibly, some of the cited instances on the Atlantic 
seaboard may be a little farther north. But the discovery of this 
skeleton near Millersburg extends the area over which the animal 
roamed to latitude 40°, or nearly 120 miles farther north than was 
before known. Much beyond this limit it is not probable that it 
will ever be carried, as from what we know of the climate of that 
era, it is unlikely that it would be sufficiently congenial to allow 
of its subsistence, especiallj- in the winter. 

VI. Environment and Date. 

Regarding the actual conditions of the region where the 
skeleton was found and at the time when it lived, it is possible to 
deduce a few inferences from the facts observed. The swamp lies 
almost at the extreme edge of the terminal moraine doubtless of 
the second glacial era, though the southern limit of this appar- 
ently here coincides with that of the earlier glaciation. About 
seven miles to the northeast of Millersburg is a very heavy drift 
composing for a short dijjtance two lines of moraine between which 
lies the swamp containing the bones. There is evidence that this 
was formerly one of those glacial lakes with which the front of 
the ice-sheet abounded. Indeed it was covered with water except 
in summer within the recollection of men still living. The peat 
which has accumulated is in some places ten or eleven feet thick, 
and beneath it is the shell-marl usually found in these lake-beds. 
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This graduates downwards into a silt or quicksand without shells, 
very clammy and of great depth, resembling what is usually de- 
posited from glacial waters. I was informed by Mr. Drushell 
that some years ago a boring was carried down into this silt to the 
depth of one hundred and forty feet without reaching the rock. 
Judging from the topography this is not unlikely. The surface of 
the drift is here nearly two hundred feet above Millersburg, and 
its depth is evidently very great The swamp is on the site of a 
•deep hollow between two lines of morainic mountains on its north 
and south sides. The outlet is at the east end and is narrow. It 
has also been cut down a few feet artificially and had previously 
been somewhat lowered by the outflowing stream. The swamp is 
very Irregular in shape but may measure a mile in length from 
east to west and half as much in breadth from north to south. In 
one place a long point projects from its northern bank nearly cut- 
ting it into two parts, and opposite this is a small island of the 
samii gravelly material still further separating it. At this point 
formerly existed a large beaver-dam from which hundreds of 
gnawed sticks were taken in the digging of the ditch*. This must 
have aided in holding back the water at least in the western part 
of the swamp. The outlet leads into a small stream called 
Doudy's run, and then into the Killbuck and Muskingum. 

VII. The History. 

The sequence of events in the history must have been nearly as 
follows. The southern line of moraine was formed when the ice- 
front stood at the south side of the swamp and was nearly at its 
greatest extension. It consists for the most part of material 
rolled and washed along under the ice, that is of rounded gravel 
and clay. A time of recession followed during which little mo- 
rainic matter was deposited, and the hollow in which the swamp 
now lies was produced. Another period of rest or of slight ad- 
vance ensued, and the northern moraine was dropped, meeting the 
older one at both ends and enclosing between them a rudely 
orescentic basin. This basin was kept full of water by the melt- 
ing ice, and its overflow escaped b}'' the lowest point in the rim, 

♦Some of the tooth-marks which I saw on these sticks are so large 
that they strongly suggest the great extinct beaver of Ohio {Castcyroides 
oMoensUi) as the architect of the dam rather than the much smaller 
living beaver (C canadensis). 
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which was at the southeastern end. Thus the lake was kept full 
of << glacier-milk " and the deposit of this excessively fine silt 
gradually filled it nearly to the level of the overflow. This was a 
compai'atively rapid process as it always is at the present day 
when glacier streams are ponded back. The absence of shells 
from all except the uppermost part of this deposit clearly indi- 
cates that the basin was filled with the glacial mud before the ice 
had retreated far to the northward. Life is not usually found in 
inland and fresh waters when they are kept near or at the freezing- 
point throughout the year. 

Later in the history after the icy water had ceased to enter the 
basin various fresh water moUusks took possession^of the ground, 
and the uppermost layer is charged with their shells. A cursory 
examination was sufficient to recognize the following : 
Valvata tricarinata, Planorbis parvus, 

Amnicola limosa, Sphserium sulcatum, 

Amnicola porata? Pisidium virginicum. 

Above this layer of shell-marl lies the peat, the product of 
fresh-water plants which probably took possession of the ground 
as early as the moUusks. The species are, so far as examined, 
the same as those now growing in this and other swamps in the 
state. The thickness of the accumulated mass varies much in 
different places. In some it has not been penetrated. 

From the position in which the bones were found it is evident 
that the cold period had passed away (as indeed must from other 
facts have been the case) before the Megalonyx came upon the 
scene. The filling of the lake with glacial deposit was ended, and 
the sticky, soft shell-marl was forming at the bottom. A tangled 
growth of rushes, sedges, and other water-plants occupied ita 
shores and shallows and rendered them soft and treacherous. The 
bones lay off the projecting cape above mentioned, the hind- 
quarters being farthest from land. The supposition seems prob- 
able, therefore, that the creature was traveling northward, probably 
making a short summer migration, for it could scarcely live in 
Ohio in the winter, and undertook to swim across the lake from 
the island to the point spoken of already, and on attempting to 
gain the dry land became fastened in the clammy bottom and en- 
tangled in the mud and rank vegetation so that it was unable to 
extricate itself. Struggling would only increase its difficulty, and 
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in spite of its enormoas strength it sank below water and was 
drowned. Decaying and perhaps in part devoured by other ani- 
mals its bones fell asunder and were scattered over the bottom of 
the lake as they have now been found. On this view others 
probably remain to be recovered, as they may lie at some distance 
from the spot first struck. So lai^e a bone as the pelvis can 
scarcely have perished when the clavicle and claws remain perfect 
The skull also should be found, and the lower jaw which is one of 
the most enduring 6f the bones and is frequently preserved when 
no other part of the skeleton remains. 

VII. Its date. 

In r^ard to the date that should be assigned to the creature it 
is evident that it is post glacial, and as we are unable to assign to 
the end of the ice-age in this state an antiquity of more than about 
10,000 years this puts an upper limit on the age of the fossil. 
Yet farther, as the cold had entirely passed away and the climate 
had become almost or quite as to-day, this date must be much 
farther reduced. And this reduction may be very considerable. 
We have no reason to doubt that the Megalonyx came into the 
region as soon as the climate was suitable both for itself and its 
vegetable food. And that it survived into the human period we 
have no reason to doubt. Though there is yet no evidence of man 
and Megalonyx in combination, yet there is reason for believing 
in the contemporaneity of man and other huge Mammalia in North 
America. Moreover, the occurrence of one specimen in Tennes- 
see yet retaining fragments of cartilage and tendon attached to its 
bones is another proof that the species lingered or survived till 
quite recent times. Whether the specimen in Holmes Co. then 
belongs to an ancient or a recent animal it is not possible to say, 
and all that can be determined is that its age probably lies be- 
tween two and eight thousand years. 



PETROGRAPHICAL DIFFERENTIATION OF CER- 
TAIN DYKES OF THE RAINY LAKE REGION. 

By Andrew C. Lawson» with analyses by F. T. Shutt, M. A., F. C. I. 

Coiiiinunicattoii No. 2. 

At the Toronto meeting of the A. A. A. S. the writers sub- 
mitted a paper in abstract bearing the above title. The material 
for the full paper was not at the time of the meeting complete, 



154 TTie American Geologist. March. i89i 

and various vicissitudes have since then interfered with the work. 
However, as some of the facts observed are of interest it is pro- 
posed to give them here without attempting to elaborate them so 
fully as was originally contemplated. 

The dykes of the Rainy Lake region show in a marked degree 
that variation from a fine texture at the dyke walls to a coarse 
texture in the middle of the dyke, which is more or less charac- 
teristic of dykes the world over. In the abstract referred to it 
was stated that * * On examination of the dykes in question, it be- 
came apparent that this variation in the physical appearance of 
the dykes is not simply one of texture or degree of coarseness of 
the constituent minerals, but it is rather the incidental concomi- 
tant of important strticturalj mineralogical and chemical variations 
which appear very constantly in the same way in different dykes." 
It will be the object of the present paper to establish this general 
statement by giving some account of the facts upon which it is 
based. 

A dyke about 150 feet wide which traverses Stop island on 
the south side of Kainy lake, in which the variations alluded to 
are strongly accentuated, will be first described somewhat in de- 
tail. From this dyke a series of four specimens was taken, viz. : 

I at the contact with the dyke wall. 

II at four feet from the contact 

III at fifteen feet from the contact. 

IV at seventy-five feet from the contact (middle of dyke). 
Textural variation, — To the unaided eye there is apparent a 

very distinct gradation in texture from that of an aphanitic rock 
at the contact to that of a coarse gabbro or diorite in the middle 
of the dyke. The gradation is rapid in the first four feet, less so 
from four feet to fifteen, and scarcely perceptible from fifteen feet 
to the middle of the dyke ; the rock on which the observations 
were made in the field presenting a continuous, clean, fresh, glac- 
iated surface. In order to arrive at some definite information 
regarding the gradation in texture, careful measurenients were 
made of the constituent minerals in thin sections of the different 
specimens. The following are the results of these measurements : 

I Ground mass. 

Pyroxene — largest grains 0315 mm 

Ave. diameter 030 mm 

Feldspar in slender needles. 

Ave. size 004 X .052 mm 
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Magnetite, ave. diameter 

Porphyrfilo orystals. 
Pyroxene, largest potyMmatlc grain. 
Feldspar, largest lath-shaped crystal 
II Pyroxene, approx. ave. diameter... 

Felditpar. " " size 

Magnetite, " . " diameter . . 

III Pyroxone in polysomatic masses, ave. diameter 

Feldspar, lath-shaped eryaials, largest 

Matcnetlte. few scattered grains, avc. dlam 
Quartz, ave. diameter 

IV Pyroxene, much altered to hornblende, larger gr, 

Feldspar, ave. size of larger grains 

Magnetite, few large grains, dlam 

Quartz, larger grains 

Structural 



3.^0 > 



niifion. — The spedmen taken at the contact with 
the dyke walla (I) appears in section ae a porphyrite. The 
ground mass is a fine ophitic felt work of plogioclase and greenish 
yellow pyroxene, with viridite thickly studded with granules of 
magnetite, all of the latter belonging probably to the final con- 
solidation of the magma. The porphyritic constituents are in the 
order of their generation (1 ) Plogioclase in lath-shaped crystals, 



^^ 



^ 



Fia 1 

Stop Iiland dyhi* — ttelion of d\kem<k at eontaet with dyke wall. 
X3S. a poljaomatie aiiglti f plaglo<lase. Illustrating |>orph;*rlte 
atructurt 
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either in distinctly isolated individuals or aggr^ated together in 
irregnlariy radiating clusters ; (2) Augite, in rounded or bleb-like, 
colorless poljsomatic masses, Tlie plagioclase is occasionally in- 
cluded in the augite. The microscopic aspect of tliis portion of 
the dylfe is shown in fig. 1. 

In the specimen taken only four feet from the last, t. e., four 
feet from the dyke Trail, the structure of the rock presents a 
marked contrast to that juBt described. There is no ground 
mass, and the section presents the character of a typical ophitic 
diabase as shown i) 




Slop Island dyke.— Sccllon at dyke-rock four fcol from dyke wall. 
X38. a. AuglLo; f. ptaglocla3<;: h. hornblende; in. magnetlto. llliis* 
trating opblilc or diabase slructuro. 

In this portion of the dyke the dominant minerals are polyao- 
matic augite and green hornblende. The latter mineral is in part 
derive<l from the augite, while part of it presents no evidence of 
such derivation and may be original. These two minerals occur 
in large interlocking masses in which are emliedded beautifully 
sliarp idiomorphic crystals of plagioclase and irregular grains of 
magnetite. It seems probable from a careful inspection of tho 
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relative attitude of the constituents that a portion of the augite is 
of earlier generation than the rest, and earlier than such portion of 
the hornblende as may be original. The rounded contours of the 
fresher masses of polysomatic augite suggest analog}' with the 
rounded porphyritic masses shown in fig. 1. In addition to the 
idiomorphic plagioclase there is a subordinate proportion of plag- 
ioclase which shows no crj^stallographic boundaries. Occasionally 
a small grain of quartz may be detected. At fifteen feet from the 
dyke walls the structure is still ophitic. Augite is the dominant 
mineral and appears to be of two generations, (1) large, irregu- 
larly bounded polysomatic masses and idiomorphic crj'stals, 
(2) allotriomorphic, interstitial between the idiomorphic plagio- 
clase. Quartz is sparingly present, and magnetite is in large, 
irregularly scattered grains, some of it allotriomorphically devel- 
oped about the idiomorphic augite. 

In the middle of the dyke the structure is entirely different 
from either that of a porphyrite or of an ophitic diabase. It is 
the type of structure characteristic of granite, gabbro, or diorite. 
All the important constituent minerals interfere with one another, 
and the only idiomorphic crystals are those of accessory minerals 
such as apatite. The aspect of a section of this part of the dyke 
is shown in the drawing, fig. 3. Quartz is abundant, and the 
augite appears to be entirely replaced by hornblende, so that the 
rock would be classed with the quartz-gabbros or quartz-diorites 
according as the hornblende is secondary or original. Considered 
simply as a hand specimen it is best termed, probably, a uralitic 
quartz-gabbro. 

Mineralogical variation. — The most important mineralogical 
variation observable in the series of specimens taken across the 
dyke is the passage from a quartzless rock at the dyke wall to a 
quartzose one in the middle of the dyke. No quartz can be de- 
tected at the side of the dyke. At four feet from the side quartz 
may be observed in occasional grains, forming an exceedingly 
small proportion of the constituents ; at fifteen feet it is somewhat 
more abundant, and in the middle of the dyke quartz is a promi- 
nent constituent of the rock. Another important change in the 
mineralogical composition of the rock is the encroachment of 
hornblende upon the augite as one passes from the dyke walls, 
and the final complete replacement of the augite in the middle of 
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the dyke. This change, even though it be due in great part to 
paramorphism, testifies to an important variation in the character 
of the rock developed from the same magma at various distances 
from the dyke walls. The augite nearer the middle of the dyke 
would appear to be much more susceptible of paramorphic change 
than that near the dyke walls. The middle part of the dyke is 
also richer in accessory minerals such as apatite, biotite, epidote, 
and leucoxene than the lateral parts. 

Chemical variation. — The chemical variations observed in this 
dyke will be gathered from a consideration of the following table 
of analyses of the specimens above referred to : 

Stop Island dyke. 







I. 


SiOj 




47.83 


Fe^Oe 


fFeO 


4.57 


A1,0, 




30.28 


CaO 




6.72 


MkO 




4.32 


KjO 




trace 


NUjO 




1.30 


P^On 




2.19 


liOSS 01 


lig. 


2.05 




99.26 



II. 



47.08 



III. 



IV. 



47.84 


57.50 


6.72 


5.07 


25.40 


23.44 


8.44 


5.62 


5.25 


2.76 


.60 


.45 


2.55 


2.01 


.94 


2.02 


2.53 


2.25 



100.27 



101.12 



Sp. g. 



3.U28 



3.060 



3.080 



2.856 



These analyses show a remarkable increase in the propor 
tion of silica in the middle of the dyke over that in the lateral 
parts. The difference in silica content of about 10 per cent is 
sufficient to separate the specimens into two distinct rock species 
according to current methods of classification. The difference is 
in keeping with the quartzose character of the middle of the dyke 
as compared with the quartzless character at the side, and also 
harmonizes with the difference in specific gravities given in the 
table. 

Thus in half the space of a sharply defined dyke only 150 
feet wide our study reveals variations in all of those characters 
which we make use of in the description and classification of rocks. 
Totally distinct types of texture, structure and composition belong 
to the same geological unit- mass. This fact suggests an interest- 
ing commentary upon our system of rock classification. Is such 
classification in cases like the present, or even generally, anything 
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more than a classiBcatioQ of hand BpcHjimens ? Of what philo- 
sophic or geological value is a classiOcatiou of speeimeDS into 
different species and types when they may all be one and the same 
rock crystallized from the same magma within a few feet of one 
another. The geologist who knows his rocks in the field as well 
as in the laboratory finds such classifications very little expressive 
of geological truth. But the differentiation in character of this 
dyke rock suggests other matters than a criticism of classification, 
namely, a consideration of the conditions under which such differ- 
entiation was developed from a common magma. From the nature 
of the case we are able to form fairly satisfactory conceptions as 
to two conditions which are commonly regarded as having a para- 




Stop Islatiil dyko. — Section of dykn-rock sovirily-fiv ffnt from djke 
wall (middle of dyke). , X3S. f. pingioclasr': h, liornblende; q. quartz; 
m. magiiullU). IllusCralliig allolrlumorphk'-graiiular or graulClo 
structure. 

mount influence upon the solidification of rock from magma. 
These are (1) the relative pressure, and (2) the relative rate of 
cooling under which the different parts of the magma solidified. 
The magma being confined between parallel shaipt\'-cut fissure 
walls may fairly be assumed to have been under the same con- 
stant hydrostatic pressure in any given horizontal plane during the 
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time of its solidification. It may also be fairly assumed that 
those portions of the magma adjacent to the fissure walls cooled 
more rapidly and solidified earlier than did the middle portion. 
Thus although we have in current petrographical literature numer- 
ous references to great pressure as one of the chief causes of the 
development of the coarser texture and granitic structure of the 
plutonic rocks as compared with that manifested by rocks which 
solidify at or near the surface, the present case seems to establish 
the fact that both types of rock structure may be developed under 
one and the same pressure. Difference in pressure under which 
magmas solidify is, therefore, probably, not so important a cause 
of the difiference in structure and texture of rocks as is generally 
supposed. On the other hand we have in the case under con- 
sideration strong presumptive evidence that the rate of cooling 
which must have been rapid at the sides and slow in the middle, 
exercised the controlling infiuence over the character of the rock 
developed from the magma in any given part With regard to the 
cdnditions which determined the chemical and mineralogical differ- 
entiation of the dyke rock very little can be definitely afl3rmed. 
It seems probable, however, that the explanation lies in the earlier 
separation of the more basic minerals accompanied by a trans- 
ference of more acid residues (or solvents) to the middle portions, 
which transference was facilitated by the gradual solidification of 
the magma from the dyke walls toward the middle, and by the 
movement of the waler constituent of the magma towards the 
middle. The water of the magma, so long as the latter remained 
liquid, would have a tendency to escape to the surface. This 
tendency, taken with the tendency of the higher portions of the 
dyke to solidify more rapidly than the deeper-seated portions 
would create a current oblicjuely through the magma, upward and 
inward from both sides. This current would aid in the transfer- 
ence from the sides to the middle of the more acid portions qJC 
the magma from which the more basic had separated out. 

Numerous other dykes have been examined with the same gen- 
eral result as that arrived at by a study of Stop Island dyke. In 
none of these, however, was the differentiation in character found 
to be quite so strongly accentuated as in the Stop Island dyke. 
A series of specimens taken across the dyke which cuts the south- 
east shore of White-fish ba}', and which is referred to in former 



Petrographical Differentiation of certain dykes. 161 



notes as the White-fish Bay dyke, was analyzed with the following 
results : 

White-fish Bay dyke. 



• 


I 

1 


II III 

1 


IV 




SiO, 


47.50 


48.08 


52.47 




Fe,0,-fFeO 


7.40 


9.07 


6.31 




A1,0, 


22.44 


23.67 


25.54 




CaO 


10.21 


10.99 


6.62 




MgO 


3.71 


3.92 


2.31 




K,0 


1.29 


.49 


.54 




Na.O 


1.62 


1.92 


3.23 




.34 


1.11 


1.16 




Loss on ig 


2.85 


1 .83 


1.28 
99.46 






97.36 


100.08 




Sp. g. 


2.927 


3.081 3.030 


2.870 



I near contact with dyke wall. 

II six feet from contact 

III thirty feet from contact. 

IV sixty feet from contact ( middle of dyke ). 

In this dyke the gradation in texture is as pronounced as in the 
Stop Island dyke but the differentiation of structure is not so 
marked. In I the ground mass has the character of a fine-grained 
ophitic diabase and the porphyritic constituents present no great 
contrast in size to those of later generation which have crys- 
tallized around them ; and in lY the ophitic structure is not en- 
tirely replaced by the granular. This dyke is noteworthy for the 
abundance of hypersthene which is present near the dyke walls. 
This hypersthene is a porphyritic constituent, and has well defined 
crystallographic form. It has not been observed in specimens 
from other portions of the dyke and its occurrence recalls the 
similar occurrence of enstatite in the Jack-fish Lake dyke and in 
the Rat-root Bay dyke which has been noted in a former paper. 
There is as in the Stop Island dyke a regular increase in the pro- 
portion of quartz in passing from the dyke walls to the middle 
and in the latter part of the dyke the augite is entirely replaced 
by hornblende. The analyses of this dyke rock and of the Stop 
Island dyke rock show throughout an unusually high percentage 
of alumina. 

A dyke sixty-five feet wide cutting biotite gneiss with a 
northwest strike on the north shore of Shoe Bay, Rainy Lake, 

18 
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afforded three specimens taken in the same sequence as before. 
The first, from the contact, shows a pronounced porphyrite 
structure consisting of a fine ground mass of plagioclase, augite 
and magnetite in which are imbedded lath-shaped crystals of rather 
cloudy plagioclase of an earlier generation and polysomatic aggre- 
gates of pyroxene, which in many cases is partially altered to a 
serpentinous, greenish-yellow substance either on the periphery, 
having a fresh core, or in patches and shreds through the section. 
In the second specimen, taken at six feet from the contact, the 
structure is ophitic and in marked contrast to that of the last 
The plagioclase is fresh, the augite is in scattered grains and in 
polysomatic aggregates and is more or less altered to hornblende. 
Quartz is present and is intergrown with the feldspar after the 
manner of pegmatite. Magnetite occurs in skeletal forms and 
apatite in slender needles. In the specimens taken from the mid- 
dle of the dyke the general structure is granular rather than 
ophitic although the latter structure is obsen^able. Augite is seen 
in occasional large polysomatic grains with a good deal of filmy 
or shreddy perimorphic hornblende and some chlorite. Hornblende 
also occurs in independent masses. Quartz is very abundant and 
is nearly all intergrown with feldspar in pegmatitic structure. 
Magnetite and apatite are present, the former in irregular scat- 
tered grains and the latter in slender needles. A partial chemical 
examination of the specimens from this dyke gave the following 
figures for the percentage of silica and the specific gravity : 




Middle. 



SlOj 49.26 51,04 

Sp. g. 3.077 3.007 



Near the mouth of Shoe Bay, on the north side is another dyke 
similar to the last. It is about seventy feet wide. Thin sec- 
tions of three specimen;? taken from the same parts of the dyke 
as before, present the same general features as in the dyke last 
described. The rock at the contact is a porphyrite with the 
usual plagioclase crystals and augite aggregates imbedded in a fine- 
grained base. The latter is remarkable for the uniformly even 
distribution of the magnetite grains. The porphjTitic augite has 
no crystallographic boundaries and its alteration is for the most 
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part mai^nal. No quartz was observed. At six feet the struct- 
ure is again ophitic. Quartz is present Magnetite is in large 
sized, sparsely scattered grains. A little pyrite also occurs. The 
structure of the middle part of the dyke is for the most part 
granular but with some idiomorphic plagioclase. The augite is 
generally fresh, but has associated with it hornblende and chlorite 
as alteration products. Quartz is abundant with uniform orienta- 
tion over wide, and in the section isolated, areas. The following 
are the figures for the silica percentage and specific gravity of the 
three specimens : 





Contact. 


Six feet from 
contact. 


Middle. 


SIO, 
Sp. g. 


48.65 
3.088 


47.92 
3.079 


49.28 
3.016 



Similar specimens were taken from a dyke on Kisky Island, 
Rainy Lake, which is nearly in a line with the Stop Island dyke and 
the Shoe Bay dyke last described. * The contact rock is as before 
distinctly a porph^Tite similar to that represented in fig. I. The 
minerals are all fresh. Plagioclase in large crystals and augite in 
single and in polysomatic grains, are imbedded in the usual fine 
ground mass, which in this, and in all the dykes described, is ap- 
parently holocrystalline and micro-ophitic. At six feet from the 
dyke wall the structure is ophitic but with some allotriomorphic 
plagioclase. The augite is mostly replaced by hornblende. Quartz 
is plentiful in pegmatitic development Magnetite or titanic iron 
is abundant but without any trace of leucoxene. In the middle 
of the dyke the ophitic structure is still observable but most of 
the constituent minerals are allotriomorphic. The augite is very 
largely replaced by hornblende. Quartz is observed to present 
the same ophitic relations to the idiomorphic plagioclase as does 
the augite, and it contains inclusions of apatite and microlites. 
Leucoxene with cleavage traces of titanic iron is abundant and in 
lai^ grains. The following are the figures for the percentage of 
silica and specific gravity of these specimens : 



810, 

Sp. g. 



Ck)ntact. 



49.77 
3.100 



Six feet from 
contact. 



49.64 
3.044 



Middle. 



52.31 
3.016 
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On the south side of Rainy river opposite Sec. 20, Tp. 5 S., 
R. XXVIII of the Canadian township survey, a dyke was ob- 
served having a width of from 150 to 200 feet and cutting horn- 
blende schists with a north-northwest strike. No specimen was here 
obtained at the immediate contact, and in one a little removed 
from the contact the porphyritic structure was only represented by 
blebs of polysomatic augite imbedded in an ophitic base which 
approached in texture that of the specimens taken at four or six 
feet from the contact in other dykes. The ophitic structure pre- 
vailed in two other specimens, one taken at six feet from the con- 
tact and one from the middle. Quartz was observed in both of 
these but not in the first. The percentage of silica and specific 
gravity of the first and third specimens is as follows : 





Near 
Contact. 


Middle. 


SiO, 
Sp. g. 


40.82 
3.221 


50.10 
3.068 



Series of specimens from several other dykes were also ex- 
amined, but the limit of space wiir not permit of further detailed 
descriptions. Generally, however, it may be said that the por- 
phyrite structure almost invariably characterizes the dyke rock at 
the contact and that this rapidly grades into an ophitic structure 
whith in turn appears to grade very gradually into the granular 
structure. The latter, it must be said, is developed to the entire 
exclusion of the ophitic structure only in a few of the cases ob- 
served. The increasing proportion of quartz toward the middle 
of the dykes is a very constant character. In one dyke, namely 
that on the south side of Rainy river opposite the town of Fort 
Frances, well defined crystals of enstatite were observed in the rock 
at the contact as a porphyritic constituent while none of this 
mineral was observed in other parts of the dyke. 



NOTES ON THE GEOLOGY OF SOUTHWESTERN 

NEW YORK. 

By Gilbert D. Habbis. 
During the early part of the present season, a well was sunk at 
Jamestown, N. Y. , to a depth of 3263 feet. For the proprietors, 
the undertaking was somewhat unfortunate, since neither oil nor 



Geology of southwestern New York, — Harris. 165 

gas — the objects sought — ^were met with in paying quantities. 
To the geologist, however, the extensive suit of drillings, carefully 
preserved and labelled, are of uncommon interest owing to the 
depth and peculiar location of the well ; it furnishes him data for 
determining the lithological characters, thickness, and amount of 
dip in this region of the several formations penetrated, — items 
heretofore but vaguely known from surface observations. 

/. Jamestown Well Section, 

CHEMUNG dROUP. 

(A). The Conglomerate. — <*Bed rock," according to the well 
record,* was encountered at a depth of 220 feet below the surfacef. 
The sample from this point consists of very finely pulverized 
milky quartz, derived without doubt from a large, hard boulder. 
One foot below, a typical upper Devonian conglomerate appears. 
This at first is composed most exclusively of quartz pebbles, 
ranging in size from a pea downwards. In color, they are white, 
rose, or yellowish ; in form, angular or sub-spherical. Presently 
a finegrained sandstone makes its appearance, forming a matrix, 
as it were, for the coarse quartz pebbles. This is of a light, 
bluish-gray color, is slightly micaceous and argillaceous, and at a 
depth of 240 feet, constitutes about 60 per cent, of the rock 
material. Seventeen feet lower still, few pebbles appear. The 
total thickness of the conglomerate is therefore not less than 36 
feet 

By referring to plate iv, it will be seen that the upper surface 
of this formation is 1105 feet A. T. , or, as shown in the foot-note 
below, about 660 feet stratigraphically below the Panama con- 
glomerate, t 

♦Kept by Mr. W. R. Reynolds of Jamestoivn, N. Y., through whose 
kindness the writer was enabled to examine the samples. 

fThe mouth of the well has been estimated to be 4 feet above the R. 
R. station, i. e. 1325 feet A. T. See Bulletin No. 5, U. S. Geological 
Survey, p. 211. 

JThis result is obtained in the following manner: (The altitudes A. 
T. are mainly from CarlPs Rept. IIII. 1883, 2d Geol. Surv. Penna.) 
Altitude, Pope Hollow congl. (up. sur.)at P.H. . .1940 feet A. T. (p. 181) 

at McCoy's 
6 miles south-southwest of Pope Hollow 1800 feet A. T. (p. 206) 

DifiPerence 140 feet. 

Hence, rate of dip along this line =23-|-feet per mile. Produce this 
line 4 miles to "A'' (see PI. iii). Here the horizon of the Pope Hollow 
congl. should have an elevation of 2032+ft. A. T. This less 190 feet 
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The discovery of a bed of this character, occupying so low a 
position in the Chemung group, may at first seem somewhat 
strange ; nevertheless similar beds occupying similar positions 
have been met with before. Professor Hall, in discussing the 
'* Carboniferous System" of this part of the state, remarks: 
<< There is another conglomerate in Chautauqua county, and in 
some places in Alleghany county, which was briefly noticed under 
the Chemung group. This, however, is a thin mass, and wherever 
it has been found in place, is associated with fine-grained compact 
sandstones, and frequently contains the fossils of the Chemung 
group. In the northern part of Chautauqua county, I found 
some loose masses of this conglomerate, containing fossils known 
to belong to the Chemung group, and by this they were chiefly 
identified. The aspect of the rock is also somewhat diflferent ; 
the pebbles smaller, more round, and not of the same white quartz 
which occurs in the higher rock. "* 

The writer also has seen a like formation as far north as the 
village of Cherry Creek, with an altitude above tide of not. over 
1400 feet. 

It would indeed be premature to assert that all these exposures 
are but the northern outcroppings of the low-lying Jamestown 
conglomerate ; no assertion of the kind, either pro or con, can be 
made with propriety until the localities so vaguely referred to by 
Hall are more definitely known, t 

In endeavoring to trace this formation southward and ascertain 
its relations to the oil sands of Pennsylvania, one meets with two 
serious difficulties : (1) the number of borings is, for some dis- 
tance, comparatively limited, and (2) the records, if kept at all, 
are generally too inaccurate to be of any particular value. One 

(see PI: V ) = olovation of the Panama cong. at *' A." Alt. Panama 
conglomerate at Panama, 1671 feet A. T. (p. 181), hence, difference in 
alt. at " A" and Panama = 171 feet. 
171Xi} (Jamestown being )} the distance from Panama 

to "A") =96. -.1671 ft. + 96 ft. = alt. Panama congl. 

at the Jamestown well If it were there represented. .1767 feet A. T. 
Alt. Jamestown well conglomerate (see PI. iii.) 1105 feet A. T. 



Difference 662 ft.Q. E. D» 

•Geology of N. Y., Part IV. 1843, foot-note, p. 286. 

fProf. J. P. Lesley has too hastily correlated the beds mentioned by 
Hall, with '*one of the thin conglomerates outcropping at Warren^ 
Pa." 2d Oeol. Surv. Pa. I, 1874, p. 108. 
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'well, only, seems to deserve special notice here ; it is located about 
8^ miles southeast of Jamestown, and is commonly known as the 
Weeks or Fentonville well. In this, Carll finds the upper surface 
of the second sand of the Warren oil field at a depth of 276 feet 
below the surface, or 964 feet A. T.* It evidently forms here a 
conglomerate, for it is said to consist of blue sandstone < < mixed 
with white pebbles ;" its thickness is given as 30 feet. This corre- 
sponds fairly well with the Jamestown conglomerate, in lithological 
characters, in thickness, and certainly in stratigraphic position, t 

(B). Sub-Conglomerate Beds. — Immediately beneath the con- 
glomerate, follow gray arenaceous shales, containing but little 
calcareous matter, with few or no traces of animal life. These 
grade down into softer and more argillaceous deposits, which in 
turn at a depth of 385 feet, suddenly become hard and calcareous, X 
and so continue for at least 35 feet. Still lower, the soft argitla- 
ceous phase reappears, and throughout the remainder of the Che- 
mung group, continues with but slight variations. 

PORTAGE GROUP. 

The dividing line between the Portage and Chemung groups in 
this section, has, to be sure, been somewhat arbitrarily placed at a 
depth of 950 feet. Yet, that this represents the truth with a fair 
degree of approximation may be judged from the following con- 
siderations : (1). Bits of calcareous matter, apparently of shells, 
were found in the drillings from a depth of 900 feet. Since the 
fauna of the upper Portage is exceedingly meager, the bed here 
represented is doubtless Chemung. (2). The material at a depth 

♦Kept, nil, 2d Gcol. Surv. Pa. 1883, p. 17. 

fBy taking into consideration the elevations of the Pope Hollow 
conglomerate (or its probable equivalent — the Wrightsville conglom- 
erate) as it outcrops at Miller's clifiP (1620 ft.), McCoy's (1800 ft.) and 
Pope Hollow (1940 ft.), as given by Carll in Rept. IIII, and by obtaining 
from any reliable map the distances between these three points, its av- 
erage dip will, upon computation, prove to be 23 — feet per mile, S. IS^or 
190 W. 

Assuming that this is the approximate direction and amount of dip 
of the conglomerate in the Jamestown well, its upper surface should 
be found in the Weeks well at a depth of 984 feet A. T., since the latter 
is 8.4 miles S. 32° E. of the former. This apparent discrepancy can 
be readily accounted for, since, as will be shown farther on, the dip 
becomes greater, and swings gradually to the east as we descend in the 
geological scale. (See "Stratigraphical Deductions.") 

t Probably the representative of the ** hard shell " in the Fentonville 
well. See 2d Geol. Surv. Pa. IIII, p. 17. 
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of 950 feet is somewhat arenaceous and micaceous, and contains 
fragments of coal as does the Portage in nortliem Chautauqua. 
(3). Below, the arenaceousness disappears ; and at a depth of 
1175 feet, a small Palceoneilo was found, which is certainly a 
Portage form. 

Assuming that the group in question begins at a depth of 950 
feet, it may be thus characterized : An argillaceous formation 
throughout ; generally steel gray in color, though interspersed 
above with occasional dark, thin, bituminous strata which become 
thicker towards the base of the group. In two instances, viz. , at 
depths of 1450 and 1725 feet, these dark shales assume a reddish 
or brownish hue, and represent, doubtless, similar conditions of 
deposition if not similar horizons to those termed << red rock " in 
the Fentonville well. 

A very perfect specimen of Cardiola retrostriata von Buch. 
( Glyptocardia speciosa Hall) was found at a depth of 2000 feet 

At the base of the Portage group as represented in this section, 
there is a mass of slaty shale 100 feet thick. No representative 
of the Cashaqua shale seems here to exist, at least none such was 
recognized. ^ 

GENESSEE SHALE. 

Gas was encountered at a depth of 2265 feet in far greater 
quantities than at any other place in the well. The shales at this 
point appear fissile, and give a brown streak as does the typical 
**6enessee slate." Below, however, they become slaty and ap- 
pear like the black beds in the Portage above. 

HAMILTON GROUP. 

There is much doubt in the mind of 'the writer as to where the 
Oenesee terminates and the HamQton begins. As remarked 
above, the lower portion of the black shale deposit is by no means 
typical Oenessee ; neither can it be classified as Hamilton. * Beds 
of this group, however, do appear at a depth of 2330 feet, and 
continue with slight variations for 180 feet; they are gray, soft, 
and calcareous, and contain' numerous fragments of shells. 

At a depth of 2510 feet, a hard limestone makes its appear- 
ance ; black at first, but gra3'ish below, and more or less cherty 

*It may be that there is here a partial transition from the New York 
system of classification to that of Ohio, wherein the black shales (2165 
ft. -2330 ft.) represent in part the Huron group of that state. 



170 The American Geologist. March, i89i 

throughout. Its stratigraphic relation to a similar though thicker 
bed encountered in a deep well near Erie, Pa., is shown on 
plate IV.* 

Below this limestone, gray calcareous shales reappear, and con- 
tinue to a depth of 2670 feet, when they suddenly become very 
dark and fissile. This phase continues for about 45 feet when a 
second limestone appears. Nothing corresponding to this was 
noted in the Erie well ; but it apparently does have a representa- 
tive in a wellt at East Aurora, Erie Co., N. Y., as shown in the 
plate just referred to. 

MARCELLUS GROUP. 

At a depth of 2725 feet, black shales reappear and continue for 
about 50 feet, to the upper surface of the Corniferous limestone. 
It is possible that all these shales do not belong to the Marcellus 
group, but that they are in part Hamilton. Again, the 45 foot 
bed of dark shale immediately overlying the limestone just de- 
scribed, appears in everj^ respect like a typical Marcellus deposit. 

UPPER HELDERBURG GROUP. 

The Corniferous limestone was found at a depth of 2775 feet. 
It seems to present no unusual features, being generally pure 
though sometimes siliceous, and varying in color from a light to a 
dark shade of gray. No line of demarcation is observable by 
which this limestone can be separated from the Onondaga below. 
Their total thickness is about 150 feet. 

ONONDAGA SALT GROUP. 

This differs from the above, principally by the more frequent 
occurrence of argillaceous bands, and the greater diversity in 
texture and color of the limestone strata. The group was pene- 
trated to the depth of only 338 feet. 

//. Stratigrwphic Deductions, 

(A) Dip. — From the following localities and altitudes of the 
Corniferous limestone (upper surface), the amount and direction 
of Its dip can be readily ascertained. 

Black Rock, Erie Co., N. Y +625 ft. A. T. 

Jamestown, N. Y.,.59.3 mis. S. 18° 10' W. of Black Rk-1450 ft. A. T. 
Erie, Pa., 80 mis. S. 49° 30' W. of Black Rock —730 ft. A. T. 

♦Compiled from manuscript notes kindly furnished by Mr. Charles S. 
Prosser. U. S. Geological Survey. 

f Also from Mr. Prosser's notes. 
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Whence, having solved with respect to dip, — 

Dip of Corniferous limestone =43 feet per mile, south, 17"* E. 
Likewise by taking the localities and altitudes of the Pope Hollow 
conglomerate as given in the preceding pages, its dip will be found 
to be 23-feet per mile, south IS*' or 19" west 

The difference in direction and amount of dip in these two for- 
mations is, accordingly, very marked ; yet it can be readily ex- 
plained : While the effects of the Cincinnati uplift are so felt in 
this region as to give the dip of the Corniferous limestone a moder- 
ate eastern deflection from true meridian, the thickening towards 
the south and the thinning towards the west of the superincumbent 
formations is such as to render the dip in the Pope Hollow con- 
glomerate far less than that of the Corniferous limestone, and to 
give it a strong western deflection.* 

That these formations thin out rapidly going westward, is a fact 
too well known to require any special comment here ; the < ' thick- 
ening towards the south," can be demonstrated as follows : 

Altitude of horizon "C" at **B" (See plate v.) about 1150ft. A. T. 

" " ** Jamestown well 375 ft. A. T. 

Difference In altitude 775 ft. 

Distance between '*B" and Jamestown 27K mis. 

. •. Rate of dip along this line 28+ft.per ml. 

Dip of Pope Hollow conglomerate In same direction. . ^3 ft. per ml. 

Hence the thickening of that portion of the Chemung group 

which lies beneath the Pope Hollow conglomerate, at a rate of 5 

ft. per mile. 

Again, Alt. of horizon "b" at "C" 573 ft. A. T. 

" " ** Jamestown well -940 ft. A. T. 

Difference in altitude 1513 ft. 

Distance from **C" to Jamestown 44 miles. 

Hence, rate of dip of lower surface of Portage group =34. 4 ft, 

per mile, or about 6. 4 ft more than that of the upper surface. 

Finally, Alt. of Corniferous limestone at Black Rock 625 ft. A. T.f 

*' *« " ** Jamestown -1450 ft. A. T. 

Difference In altitude 2075 ft. 

Distance between Black Rock and Jamestown 59.3 mis. 

*A similar difference In rate of dip of the Corniferous limestone and 
upper Chemung, or lower Coal Measures, has been noted by Prof. H. S. 
Williams along his Genesee section. Bull. U. S. Geol. Surv., No. 41, 
pp. 103-104. 

fC. A. Ashburner: "Petroleum and Natural Gas In the state of New 
York." Trans. Amer. Ins. MIn. Eng., Vol. xvl, 1888, p. 921. 
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Hence, rate of dip of lower surface of Marcellus group =35 — ft. 
per mile, or, slightly more than that of the upper surface of the 
Genesee slate. 

It should be borne in mind that the <* dips " given above are but 
general averages along a line from Black Rock to Jamestown, or 
about S. 18** 10' W., and do not, therefore, represent the true 
rates of dip in the various formations referred to. This fact, 
however, has no particular bearing on the results just obtained ; 
but there is another consideration that must be taken into account 
here, and that is local dip. 

In the Colbum well at Fredonia, the Comiferous limestone was 
found at a depth of 315 feet* below tide ; in the Jamestown well, 
as has already been remarked, the same formation was met with 
at a depth of 2775 feet below the surface, or 1450 feet below tide ; 
the distance between the two localities being 24 miles, it necessa- 
rily follows that the average rate of dip of the Comiferous lime- 
stone is here no less than 47 feet per mile. This is greater by 4 
feet per mile than the average dip given for the area. Black Rock 
— Jamestown — Erie, evidencing, accordingly', a local rise in this 
limestone formation in the vicinity of Fredonia. This would 
probably slightly modify the general inclinations of the various 
formations given on plate iiii, and would tend to lessen the rate of 
dip from Black Rock to a point in the section not far from ««B," 
and to cause an increase from the same point to Jamestown. 

(B). Thickness. — y^ith. the above-given data, it now becomes 
possible to determine the total thickness of the Marcellus, Hamil- 
ton, and Genesee, as well as that of the Portage, with greater 
precision than has been done heretofore. Making a slight allow- 
ance for the influence of the Fredonia rise, the dip from'*D" 
(the point at which the upper surface of the Comiferous limestone 
descends to the level of lake Erie) to ** C " (where the base of the 
Portage dips beneath the lake) is about 32 feet per mile. Since 
the distance is 15 miles, the total thickness of the Marcellus, 
Hamilton, and Genesee, is 15x32 ft. or 480 ft. 

Again, the dip along line "b"-**b," from <<C" to «^B" is about 
31 J ft. per mile. The distance between these two points is 16 
miles ; **B," moreover, is about 577t feet above ''C." The thick- 

♦Ibidera. * 

f Determined by the writer while under the auspices of the Palaeozoic 
Division of the U. S. Geological Survey. 
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nesfi of the Portage group at **B," is therefore 31^ ft x 16 + 
577. = 1081 ft, or, approximately, 1080 feet 

Hence, contrasting these figures with those derived from the 
Jamestown well section we have : 

Erie, or Northern 

Chautauqua county. Jamestown well. 

(1) 1080 feet Portage 1315 feet 

( Genesee ) 

(2) 480 feet •] Hamilton V 510 feet 

( Marcellus ) 

Professor Hall has estimated the *< aggregate thickness" of the 
Portage group in northern Chautauqua county as <' little less than 
1400 feet"* This result he evidently obtained by supposing that 
the dip along the shore of lake Erie from near the mouth of 
Eighteen Mile creek to Chautauqua creek is 25 feet per mile. 
Calculations based upon the depths already given at which the 
Comiferous limestone was struck in the Fredonia and Erie wells, 
together with its altitude at Black Rock, show conclusively that 
the true rate is but 16 feet per mile. Making this change, the 
<< aggregate thickness" becomes 1040 feet, — a fairly accurate 
result 

The Genesee slate is said by Hall to be 23 feet and 7 inches 
thickf as it crops out on the shore of lake Erie, near the mouth 
of Eighteen Mile creek. Add to this, 300 feet, for the combined 
thicknesses of the Hamilton and Marcellus as given by professor 
Williams in "The Petroleum Age,"t and the total for the three 
groups becomes 323 feet and 7 inches; or, about 150 feet less 
than the estimate given above (see <<2"). 



/// Addenda, 

POPE HOLLOW SECTION. 

In order to further the correlation of the conglomerate and 
inter-conglomerate beds in southern Chautauqua county, N. Y., 
with those of Warren county. Pa. , the writer takes this opportu- 
nity to make known the following details regarding a section 

♦Geology of New York. Part IV, 1843, pp. 238-239. 

tGeol. N. Y. Pt IV, 1843, p. 221. 

tOp. cit. vol. VI, June, 1887, p. 1642. 

I According to the MS. notes of Mr. Prosser, the aggregate thickness 
of these groups in the East Aurora well section, amounts to 520 feet at 
least. This is not surprising, since according to Hall, both Genesee 
and Hamilton thicken rapidly going eastward from lake Erie. 
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fact that it contains few or no organic remains. It is apparently 
homogeneous throughout, consisting of thin, hard, evenly bedded 
flaggy layers which are very noticeably micaceous. 

From the so-called barren shales of the Warren section Prof. 
Hall cites Troptdocarts interrupta and < < fragments of the shells of 
Spirt/era disjuncta,'^ while the corresponding beds in the Panama 
section are ^ ^ totally barren of fossils of any kind — as far aa 
observed. " 

U. S. Geological Survey, December, 1890. 



THE ROCKS AT ST. PAUL, INDIANA, AND VICINITY. 

Chablss S. Beachler, Crawford svi He, Ind. 

The rocks at St. Paul, Indiana, exposed along the small stream 
known as Flat Rock, may be described as an arm two or three 
miles wide, extending in length for about fifteen miles, in a south- 
westerly direction from the main belt of Upper Silurian rocks. 

This arm may readily be referred, by its fossils, to the Niagara 
group ; its exposure being a result of the eroding away of the 
thin Upper Helderberg stratum of limestone overlying it, while 
the streams have cut their channels through the rocks, thus giv- 
ing a section of the entire strata of the Niagara group in this state. 

The rocks are covered with Devonian dirt which has been carried 
a shost distance from the north-east, as seen by the glacial mark- 
ings on the underlying rocks ; the fossils found in the dirt, Favosites 
forhesi Hall, Atrypa reticularis Linn. , are in a perfect state of' 
preservation and show no marks of their transportation — so they 
could not have been carried very far. 

A section of the rocks at St Paul may be taken as a typical 
section of the rocks of this group in this state, as it exhibits four 
well marked strata as follows ; 

Drift, Devonian dirt, containing Devonian corals and brachio- 

pods. 
Kg. 5. Upper Helderberg limestone overlying Niagara. 
No. 4. Blue shale (The Waldron fossil beds, 10 feet). Seen on Mill 

creek, a short distance above the point where it flows into 

Flat Rock. 
No. 3. Thinly laminated limestone, thickness 15 feet; containing 

Plsocrinus gemmiformis S. A. Miller ; P. globosus Ringueberg; 
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"pear shape crinold;"* StepTwinocHniw o»Qooden.9\» S. A. 

Miller. 
No. 3. Cherty beds, cootaining thin plates of limestone in which are 

found the same fossils as in No 3., thickness 15 feet. 
No 1. Heavy laminated quarry rock, containing fossils in No. 3 but not 

in such profusion, the upper or "flagging" layers containing 

in addition cystids and large cephalopods, Oyroceras elrodt 

White, Orthoceras anjiulatum Sowerby. 

Comparing the outcrops of Decatur county — Greensburg, Harris 
City, Westport — with the quarries at Osgood in Ripley county^ 
they may be readily referred to bed No. 1 at St Paul. 

At Moscow, in Rush county, below the village, is seen two feet 
of shale (Waldron beds) overlain by Upper Helderberg ; half a 
mile below are quarries of limestone, equivalent of bed No. 1 at 
St Paul, in which were found new genera of crinoids. 

At Anderson, in Madison county, the rocks are more of a mag- 
ncsian character, containing Pisocrinus pentalohus W. & Sp. , P, 
gemmifo'mxis S. A. Miller, P. glohosus Ringueberg, equivalent of 
bed No. 1 at St Paul. 

Comparing the fossils we find them nearer the New York than 
any other western locality ; the majority of species are identical, 
with twice the number of species of crinoids, the new forms being 
of the same genera, while not a single Caryocrinus which occurs 
in New York, Illinois, Wisconsin, Iowa, and is abundant in Ten- 
nessee, has been found in Indiana ; a few large cystids however 
have been found, mostly in the limestone. 

The true crinoids in the limestone are so small that very little can 
be told of their structure as they are only partially weathered out 



FURTHER NOTES ON THE CHEYENNE SAND- 
STONE AND NEOCOMIAN SHALES. 

Bv F. W. Cbaoin, Topeka, Kansas. 

During the summer of 1890, and since my article, <*0n the 
Cheyenne Sandstone and the Neocomian Shales of Kansas, " as it 
appeared in the American Geolooi8T, was written, I have gath- 
ered some additional data touching these formations. 

By the favor of Mr. Frank D. Healey, I have been shown a lo- 

*An undcscribed crinoid, with no arms or arm openings, no rhombs 
or pores, probably a transition between crinoids and cystids. 
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cality on the North Canadian or Beaver river, about longitude 
100° 12' W., where both the larger and the smaller varieties of 
GrypluBa pitcheri occur in Loup Fork Tertiary conglomerate, some 
of the specimens showing ver}^ little wear, and bearing witness to 
the former extension of the Neocomian over that region. 

Occurrences reported to me from points not far northeast of 
Tascosa, Texas, are probably referable to the Neocomian. 

I have also reconnoitred that portion of the < ' Cherokee Outlet " 
and ** Panhandle of Texas" adjacent to the Cimarron river and 
the Panhandle extension of the Santa Fe railway southwest to the 
main Canadian. Loup Fork Tertiarj' sandstone, or more com- 
monly the sandy decomposition-product of the same, cloaks the 
divides and their south slopes, resting in general directly upon 
** red- beds" of almost vermilion red color and of supposed Tri- 
assic age above, and of dull, brownish red color and supposed Per- 
mian age below, the great g5T)sum horizon of that region ; yet the 
data in hand leave little room to doubt that iower Neocomian 
strata once prevailed from the western border of McPherson county, 
Kansas, across Ford and Kingman counties and portions of the 
Cherokee Outlet and the Public Lands, to the foundations of the 
Llano Estacado. 

By the courtesy of Prof. Hill, of the Texas geological survey, 
I have been able to traverse with him a course from Millsap, 
Texas, to Weatherford, and thence to Granbury , and thus to 
confirm his reference in 1889,* of Nos. 5 and G of my Belvidere 
section to his Fredericksburg shale and Trinity sandstone, respec- 
tively. 

The palieontologic and lithologic identity' of No. 5 of my Belvi- 
dere section with a certain, shell-conglomerate occurring at Weath- 
erford — the lowest known Gryphaea-bearing horizon of Texas — is 
such as to warrant me in asserting the essential chronologic equiv- 
alency of the two horizons, t This conclusion is borne out by the 
general resemblance of the fauna of the strata a little above the 
Weatherford conglomerate to that of those similarly situated with 
reference to Belvidere No. 5, though in these there is not quite so 
close a lithologic correspondence. 



♦Annual Report of the Geological Survey of Arkansas for 1888, p. 115. 

f Among other forms common to both strata, IcUmearca vulgarU, not 
hitherto listed from Texas, was incidentally noticed. 
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I would here call attention to the small phase of Gryjpihcea pitch- 
eri which abounds alike in the Weatherford shell- conglomerate 
and in horizon No. 5, of the Belvidere section, and which T have 
elsewhere characterized as a pitcher i-li Ice form tending more or less 
toward the aspect of G. incurva. It might quite as appropriately 
be described as a form of Gryphcca incurva^ tending more or less 
toward G, jritcheri. From the view that it is merely the young of 
6r, pitcheri, there are strong reasons for dissenting ; for if it 
were, it would seem a strange circumstance that G. pitcheri should 
present to us onl}' young in its lowest horizon in both Texas and 
Kansas, and chiefly adults in its higher horizons, associated with 
occasional small forms much more like said adults than like the 
small phase under discussion. I hold it to be a strongly marked 
type, an ancestral, or perhaps a physico-geographic form of G. 
pitcheri^ of at least varietal value and of great importance as a 
key to stratigraphic relationships, and I would propose for it the 
name of Gryphcea pitcheri ^lort., var. hilli. 

The Cheyenne sandstone may be regarded as the much abbrevi- 
ated representative of the series of incoherent sandstones underly- 
ing the above-mentioned Weatherford shell-conglomerate, and out- 
cropping between Millsap and Weatherford in alternation with 
harder strata containing Pleurocera^ Nerinoea , and other forms to 
the most of which southern Kansas can show nothing similar. 
The upper and major portion of the basal stratum of friable fer- 
ruginous-5'ellow and white sandstone seen on Grindstone creek and 
its tributaries a little east of Millsap, resting upon the eroded 
Carboniferous — ^from the harder elements of which its basal con- 
glomerate portion is derived, — bears especial lithologic resem- 
blance to a very common phase of the Cheyenne sandstone. 



BAUXITE IN ARKANSAS. 

By John C. Brannrr, Ph. D., State Geologristof Arkansai^. 
The geological survej' of Arkansas has discovered deposits of 
bauxite in that state, the first considerable ones thus far found in 
this country. In 1887 a small deposit was discovere<l in Flo3'd 
count}', Georgia, but that is said to cover <* an area of about half 
an acre" onl}-.* \ 

♦Trans. Am. Inst. M. E., XVI., p. 905. 
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The Arkaasas beds occur near the railway in the vicinity of 
Little Kock, Pulaski county, and near Benton, Saline county. 
The exposures var}'^ in size from an acre to twenty acres or more, 
and aggregate something over a square mile. This does not, in 
all probability, include the total area covered by bauxite in the 
counties mentioned, for the method of occurrence of the deposits 
leads to the supposition that there are others as yet undiscovered 
by the survey. 

In thickness the beds vary from a few feet to over 40 feet, with 
the total thickness undetermined ; the average thickness is at least 
15 feet. 

These Arkansas deposits occur only in Tertiary areas and in the 
neighborhood of eruptive syenites ( **granites") to which they 
seem to be genetically related In elevation the}- occur only at 
and below 300 feet above tide level, and most of them lie between 
260 and 270 feet above tide. They have soft Tertiary beds both 
above and below them at a few places and must therefore be of 
Tertiary age. As a rule, however, they have no covering, the 
overlying beds having been removed by erosion and are high 
enough above the drainage of the country to be readily quarried. 
Erosive action has removed a part of the bauxite in some cases, 
but there are, in all probability, many places at which it has not 
yet been even uncovered. 

It is pisolitic in structure, and, like all bauxite, varies more or 
less in color and in chemical composition. At a few places it is 
80 charged with iron that attempts have been made to mine it for 
iron ore. Some of the samples from these pits assay over 50 
per cent of metallic iron. This ferruginous kind is exceptional, 
however. From the dark red varieties it grades through the 
browns and yellow to pearl gra}^, cream-colored and milk}' white, 
the pinks, browns and grays being the more abundant Some of 
the white varieties have the chemical composition of kaolin, 
while the red, brown and gray have but little silica and iron, 
and a high percentage of alumina. The analyses given below 
show that this bauxite is as good as that of Fi*ance, Austria, and 
Ireland, for the manufacture of chemical products, for refractory 
material and for the manufacture of aluminum by the Deville pro- 
cess. Should there be a market in this country for such material 
Arkansas will be able to supply any demand that may be made for 
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it. No use has ever been made of the Arkansas material except 
for road bailding ; indeed it was not known what it was until Jan- 
uary last when the announcement was made by the state geol- 
ogist in a letter to the governor. 

The following analyses made by the state geolc^ical survey* 
show the composition of average samples : 

PARTIAL ANALYSES OF BAUXITE FBOM ARKANSAS. 

I. II. III. IV. V. VI. VII. VIII. 

Alumina 55.59 57.62 58.60 55.89 44.81 62.05 55.64 51.90 

Silica 10.13 11.48 3.34' 5.11 33.94 2.00 10.38 16.76 

Ferric oxide ...6.08 1.83 9.11 19.45 1.37 1.66 1.95 3.16 

Titanic oxide 2.00 3.50 3.50 3.50 

Loss on ignition 

(water) 28.99 28.63 28.63 17.39 17.28 30.31 27.62 24.86 

Average of fourteen partial analj'ses of bauxite from France, 
Austria and Ireland. * 

Alumina 52.7 per cent. 

Silica 7.1 " ** 

Ferric oxide 19.1 '* " 

Water 16.4 ** '* 



THE BEACH PHENOMENA AT QUACO, N. B. 

Bt Charles Livy Whittle, Cambridge, Mass. 

The abnormally high tides of the bay of Fundy have permitted 
the existence of a beach line, or bar across the harbor of Quaco, 
a parallel of which does not occur at an}' point on the Atlantic 
coast south of the seaward end of the bay. Similar bars now con- 
nect the former islands of Marblehead and Nahant off the coast o 
Massachusetts. These, like bars in general, have their concavity 
opening towards the fetch of the waves, and at no time are they 
submerged unless it be during the progress of a severe storm 
which may temporarily destroy them, wholly or in part, by beach- 
ing. They are usually capped by a ridge of large-sized pebbles 
forming the storm beach. 

The harbor of the village of Quaco, which is an arm of the bay 
of Fundy, in extent is some three miles north and south, and two 
miles deep. This beautiful water area is bordered by steep cliffs 

*From analyses principally by Saint-Claire Deville given in the Ann. 
de Chimie et de Physique, LXI, 1861, p. 309 et seq. ; Bull. See. Geol. 
de France, XVI, 1888, p. 345 ; Dinglkr's Polytechnisches Journal, 198, 
p. 156, and 234, p. 465 ; Blschors F^uerfesten Thone, p. 194 ; Percy's 
Metallurgy, p. 133. 
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on the north and south cut in red Triassic Bandstooe, and stretch- 
ing across it in magnificent sweeping curves are two walled 
beaches marked by lines of shingle ; an onter one, or bar, only 
broken in two places by small streams which cross it at low tide ; 
an upper one, or normal storm beach, also broken in two places 
but at high as well as low tide. A coastwise stream flowing 
south during the retreat of the tide and north during its advance 
has produced the outer beach aided by the configuration of the 
coast line at this point In all respects, but two, it is in nowise 
dissimilar to ordinary bars formed southward along the Massa- 
chusetts coast These two differences are dependent on the ab- 
normal run of the tides in the bay. Here the bar forms an 
outer water line at low tide ; off Massachusetts such a bar marks 
a water line ut high tide only. The Quaco bar is covered by ths 
advancing and retreating tides twice a day ; the Massachusetts 
bars are seldom or never covered. To the rapid run of the tides 
in the bay the existence of the bar is due, as the energy of the 
breakers seems to spend itself against the beaches mainly at high 
and low tides, and points intermediate between these feel but 
little of the force of the waves as expressed on the two lines of 
shingle. Tlie tidesuome up the harbor faster tban a man can walk, 
pass over the bar without destroying it and as rapidly a<lvance to 
the upper beach line, completely submerging the lower. Conversely 
the same is true of the retreating tide. In cross section the lower 
beach is very variable not only in its several parts but there are 
variations dependent upon the season. Old residents of Quaco 
informed me that they had known it to be nearly destroyed during 
severe storms from the south-east. Landward, in hight above 
the gently-sloping surface of the beach, as a whole it is seldom 
over five feet and locally decreases in elevation so that it practi- 
cally disappears. The seaward slope is much steeper and the bar 
appears much more pronounced \-icwed from this side. At the 
two ends the ridges of shingle come together outlining a rude 
moon-shaped area. Between these two lines it is difflcnit to find 
l^Tgc peW)ie3 9uch as make the crest of the inner or outer beach 
Hill's. I'l'uiii this it seems probable that the outer zone of shingle 
was either brought there from the north or south and not trans- 
jMi-ted seaTvurd by the nndertow from the upper beach. 

Ill color, the sand forming the bottom of the harbor, which has. 
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been derived from the Triassic sandstone, is the usual red that 
characterizes that formation, only perhaps it is a little more bril- 
liant than the color of the Connecticut Triassic. The broad^ 
gently-inclined beach taken as a whole and seen through the blue- 
green waters of the bay coupled with the steep cliffs that appear 
purple in the distance, and which in many places present mural 
faces three hundred feet high, is wonderf ull}- beautiful. 

In genesis the phenomena shown along the upper or present 
main beach line depend on several geological processes. The 
geology of the area immediately about the harbor, although rel- 
atively simple, is extremely interesting. At the south end a 
rugged promontory, called Quaco Head, some eighty feet in hight, 
projects into the bay for a distance of nearly a mile. This on the 
south-east side is made up of Carboniferous rock (which carries the 
manganese ore-bodies of the province) dipping gently nearly due 
south. The lowest member revealed is a much-altered melaphjTC, 
probably extensive, on which lies a fine-grained, agglomeritic lime- 
stone carrying masses of melaphyre at its base, varying In diam- 
eter from mere pebbles up to boulders several feet across. 
Scattered through it and a calcareous shale next above, occur 
manganese ores as veins traversing the strata at random and con- 
cretionary masses occupying a definite zone. On the north side of 
the head are thin-bedded sandstones and shales of Triassic age 
dipping gently north-west and lying unconformably upon the Car- 
boniferous — the line of contact between the two, being beauti- 
fully exposed in a cliff a little distance down the coast south of 
the head. Here the Triassic carries numerous pebbles derived 
from a small bed occurring in the Carboniferous, approximately a 
foot in thickness. 

The red sandstone, following the coast northward through the 
village of West Quaco, passes into a typical beach conglomerate 
lying in the same position as farther south, and forming cliffs 
against which the present waves break at high tide. Induration 
of the conglomerate is but slightly advanced as the pebbles are 
easily separated from one another with the hands. The mutual 
interpenetration of sand grains observed in much indurated 
quartzites, however is well illustrated here. All the pebbles show 
perfect impressions of these pebbles juxtaposed. The impressions 
are best developed upon the flat surf aces, indicating that gravity was 
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mainly the operative force producing them. Macroscopicaily the 
outlines of the pebbles do not indicate distortion or crushing ; only 
occasional cracks radiating from the indentations tell us how yield- 
ing has taken place. Nearly all of them have been derived from the 
Carboniferous limestone and they therefore show a great uniformity 
as to size and outline, being well water-worn and quite broad in 
proportion to their thickness, — ^the longer axis corresponding to the 
bedding, although in the hand specimens the rock appears entirely 
homogeneous approximating a fine-grained marble. The present 
upper beach is made up of these pebbles simply removed from the 
Triassic beach conglomerate with but little evidence of attrition 
and orginally derived from a Carboniferous limestone ; so that at 
present there is a Quaternary conglomerate being laid down, the 
pebbles of which were eroded during Triassic time. That the 
pebbles are not being extensively water-worn by the present wave 
action is shown by the fact that the indentations are only partially 
worn away. This probably is due to the readiness with which 
they are supplied from the relatively incoherent conglomerate, 
their abundance over-taxing the power of the waves to reduce 
them so that they can be carried out to sea by the undertow, and 
permitting them to be built rapidly into a conglomerate. 

Along the line of the present upper beach there are numerous 
sea-caves. One of these deserves especial mention as it has given 
rise to a remai'kable mushroom-shaped pillar, locally known as the 
<* Devil's Pulpit" This pillar, which is some eighty feet in 
hight, stands at the north end of Quaco Head and has been 
carved out of melaphyre by the wearing away of the Triassic sand- 
stone immediately to the west, lying unconformably on the mel- 
aphj're leading a wall of homogeneous rock projecting to the north. 
The waves advancing from the east first formed a sesrcave at this 
point and finally perforated the mass leaving it attached to the 
main bod}^ only on the landward side and at the bottom. 

Extending westerly from the extremity of Quaco Head inland 
for a distance of about one mile and at an elevation of eighty feet 
above the present high tide level there occurs as fine an example 
of an elevated sea beach as occurs anywhere along our Atlantic 
coast above high water mark. It is a perfect post glacial beach, 
having a gentle ascent comparable to that of the main beach in 
the harbor. Its shore line is very pronounced and is carved in 
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rocks of varying character, mainly those that are exposed along 
the south-east side of the head, eruptions, limestones and calcare- 
. ous red shale, the last two carrying manganese ores principally as 
nodules of psilomelane and wad. A line of more or less dis- 
tinctly marked sear caves and cliffs and their accompanying taluses 
extends across the head forming the water line. Since the close 
of the glacial period the northward extension of the beach has 
been nearly carried away by the encroaching waves, and in Quaco 
harbor a fine section is exposed. Going seaward from the shore 
line a progressive diminution in the size of the detrital material 
and its gentle easterly dip are noticeable, the outermost portion 
being largely clay grading westerly into coarser layers; and, 
finally, at the shore line occurs normal coarse beach conglomerate 
the material of which although waterwom shows the transientness 
of the sea at this level by its much greater angularity compared 
with the material composing present beach deposits. All the strata 
exposed carry an appreciable percentage of nodules of manganese 
ore derived from the calcareous red shale and limestone ; the wad 
which these rocks contain being incoherent was transported far- 
ther seaward, and the general dark color of the clays ifl probably 
attributable to this cause. Nearly a square mile of beach remains 
in and west of the head. No permanent streams traverse it, and 
it remains to-day essentially in the same condition as when the 
sea retreated. The advent of the ocean apparently' found no large 
glacial boulders to contend against ; along the coast line none are 
now seen and the smooth surface of the beach is unbroken except 
by an occasional outcrop of limestone or melaph^^re. That the 
beach remains in so perfect a condition to-day points to a com- 
paratively rapid retreat of the sea ; while the occurrence of the sea- 
caves, imperfect though they may be, and the line of cliffs along 
the margin of the sea point as strongly to a degree of permanenc}* 
in the relation of the land to the sea for a considerable length of 
time that would hardly be expected if the current theor}- as to the 
cause of elevation and submergence of the land during glacial 
time be adhered to. 

C(tmJtirld{fe, Mass., Jan. 26th, 189 1. 
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HISTORY OF LAKE AGASSIZ. 

By Warren Upham, Somerville, Mass. 
From Part E. of the annual report of the Gool. and Nat. Hist. Sur., Canada, 1888-89. 

I. 

During the recession of the ice-sheets of both the earlier and 
later epochs of glaciation, drainage from the ice-border in many 
places flowed in channels from which the streams became turned 
by the slopes of the land into more northern courses when thia 
was permitted by the farther retreat of the ice. Where the slope 
is southward, free drainage from the melting ice took place along 
the present valleys, and these were partially filled with modified 
drift, remnants of which form terraces and plains on each side of 
the present streams. But on areas that sloped more or less di- 
I'cctly toward the receding ice-border, the streams of that time 
eroded channels which were abandoned when lower outlets were 
uncovered. Because of the large supply of water from the glacial 
melting, some of these river-courses became conspicuous topo- 
graphic features, as noted hy Dawson* McConnell,t and Tyrreilt 
in various parts of the region between lake Agassiz and the Rocky 
mountains. On a slope nearly parallel with the retiring ice-border, 
the deserted river-courses were seldom the outlets of lakes of con- 
siderable size ; but where a large area was inclined toward the ice- 
sheet, it was covered by an expanse of fresh water, formed by the 
streams that flowed down from the melting ice surface and over- 
flowing across what is now a line of water-shed between great drain- 
age basins, until the continued recession of the ice allowed the 
lake to be discharged by the natural slope of the land. Lake 
Agassiz was the largest of these glacial lakes. Others existed in 
the basins of the James, Souris, and Saskatchewan rivers, of which 
the two last named outflowed eastward into lake Agassiz. The 
basins of the great Laurentian lakes, which are being studied by 
Mr. G. K. Gilbert of the United States geological survey, were 
also filled at this time to higher levels than now, determined by 
the elevations of the outlets through which they then flowed south- 

» ■ »■■ I ■ ■ ■ ■ i ■ - — — ■■- - M -MMlM ■■■■■ ■■■■■■ II I ■ ■ I— 1^ 

* Report on the Geology and Resources of the region in the vicinity 
of the Forty-ninth Parallel, pp. 263-265 : Geological Survey of Canada* 
Report of Progress for 1882-83-84, p. 1.50 C. 

t Geological Survey of Canada, Annual Report, vol. i, for 1885, pp. 21 
and 74 C. 

X Do., Annual Report, vol. ii, for 1886, pp. 43, 45 E, and 145, 146 E. 
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ward to the Mississippi and finally eastward to the Mohawk and 
Hudson.* 

In tracing the history of lake Agassiz it will be needful to re- 
view the recession of the ice-sheet which was its northern bairier, 
as the stages of that recession are shown by the successive termi- 
nal moraines of Iowa, Minnesota, South and North Dakota, and 
Manitoba ; to observe the stages of the lake itself which are re- 
corded in its successive beaches ; and to note the contemporaneous 
history of the glacial lakes on the west, whose outflow by the 
Sheyenne, Pembina, and Assiniboine brought large deltas into the 
western edge of lake Agassiz and spread deposits of fine silt over 
•extensive areas of its bottom. 

When the latest North American ice-sheet attained its greatest 
area, its southern portion from lake Erie to North Dakota consisted 
of vast lobes, one of which reached from central and western Min- 
nesota south to central Iowa. This Minnesota lobe in its maxi- 
mum extent ended near Des Moines, and its margin was marked 
lay the Altamont moraine, the first and outermost in the series of 
eleven distinct mai^inal moraines of this epoch which are recog- 
nizable in Minnesota. When the second or Gary moraine was 
formed, it terminated on the south at Mineral Ridge in Boone 
county, Iowa, At the time of the third or Antelope moraine, it 
had farther retreated to Forest Cit}' and Pilot Mound in Hancock 
county, Iowa. The fourth or Kiester moraine was formed when 
the southern extremity of the ice-lobe had retreated across the 
south line of Minnesota and halted a few miles from it in Free- 
bom and Faribault counties. The fifth or EI3 sian moraine, cross- 
ing southern Le Sueur county, Minnesota, marks the next halting- 
place of the ice. At the time of formation of the fifth moraine, 
the south end of the ice-lobe had been melted back a hundred and 
eighty miles from its farthest extent, and its southwest side, which 
at first rested on the crest of the Coteau des Prairies, had retired 
thirty to fifty miles to the east side of Big Stone lake and the 

♦ "Changes of level of the Great Lakes," by G. K. Gilbert, In The 
Forum, vol. v, pp. 417-428, June, 1888. Geol. Sur. of Canada, report of 
Progress to 1863, pp. 910-915. C. Whittlesey, "On the Fresh-water Gla- 
cial Drift of the Northwestern States," 1864, pp. 17-22, In Smithsonian 
Contributions, vol. xv. J. S. Newberry in Report of the Geological Sur- 
vey of Ohio, vol. ii, 1874, pp. 60-65, with three maps. "The Lake Age 
In Ohio," by E. W. Claypole, pp. 42, with four maps, Trans, of the Geol. 
Soc. of Edinburgh, 1887. 
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east part of Yellow Medicine oountj, Minn. During its next 
stage of retreat this ice-lobe was melted away from the whole of 
Lc Sueur county, and its southeast extremity was withdrawn to 
Waconia in Carver county, where it again halted, forming its sixth 
or Waconia moraine. The seventh or Dovre moraine marks a 
pause in its recession when its southeast end rested on Kandiyohi 
county. Probably nearly all of the southern half of Minnesota 
was at this time divested of its ice-mantle, while nearly all of the 
northern half was still ice-covered. By its next recessions the 
glacial border was withdrawn to the eighth or Fergus Falls mo- 
raine, and the ninth or Leaf Hills moraine. These are merged 
together in the prominent accumulations of the Leaf Hills, which 
lie in southern Otter Tail county, Minnesota, reaching in a semi- 
circle from Fergus Falls to the southeast, east, and northeast, a 
distance of about fifty miles, and marking the southern limits of 
this ice-lobe when it terminated half-way between the south and 
north borders of Minnesota.* The south part of lake Agassiz 
probably began to be uncovered by the retreating ice-sheet between 
its stages marked by the Waconia and Dovre moraines ; and this 
lake reached northward from lake Traverse 100 to 125 miles along 
the Red River valley when the Fergus Falls and Leaf Hills mo- 
raines were accumulated. 

On the west side of lake Agassiz the Dakota lobe of the ice- 
sheet, from its junction with the Minnesota lobe near the head of 
the Coteau des Prairies, twenty-five miles west of lake Traverse 
and Brown's valley, at first reached about 200 miles south along 
the valley of the James or Dakota river to Yankton and the Mis- 
souri ; but it was gradually diminished in its extent until, at the 
times of formation of the Kiester, Elysian, Waconia, and Dovre 
moraines, it no longer retained its lobate outline. While these 
moraines were being formed in Minnesota, the southwestern bound- 
ary of the ice-sheet in South and North Dakota passed from the 
vicinity of Big Stone lake and lake Traverse northwesterly along 
moraine belts that have been traced through Sargent, Ransom, 
Barnes, and Griggs counties. North Dakota, and by the sources of 
the James and Sheycnne rivers. During the later stages repre- 
sented by the Fergus Falls and Leaf Hills moraines, the Dakota 



* For detailed descriptions of these moraines, and of the recession of 
the ice sheet in this state, see Geology of Minnesota, vols, i and ii. 
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ice-front appears to have become again lobate, extending from the 
west shore of lake Agassiz southward and then westward and 
northward, between the lake area and the Sheyenne river, to the 
prominent and typical moraines that are found south of Stump 
and Devil's lakes, on the Big Butte, about Broken Bone lake 
and northward, and on Turtle mountain. In their remarkable de- 
velopment these moraines are similar to the massive Leaf Hills^ 
with which they seem to have been contemporaneous. 

The course of the ice front where it formed the northern barrier 
of lake Agassiz, at the time of its accumulation of these great 
moraines of the Leaf Hills and the south side of Devil's lake, is 
marked by morainic deposits both east and west of the lake near 
the latitude of 47® 10', which passes twenty miles north of Fargo, 
by an unusual abundance of boulders near this latitude and far- 
ther north on portions of the till forming each side of the lacus- 
trine area ; and by a tract of till which stretclies across the Red 
River valley at Caledonia, constituting the bed and banks of the 
river along the Goose rapids. In the lake this morainic till waa 
spread with a generally even surface, but it has many small in- 
equalities, the higher portions being three to five feet or rarely ten 
feet above adjoining hollows. Boulders and gravel are plentiful 
on its surface, this being the only interruption of the lacustrine 
and alluvial clayey silt which elsewhere continuously occupies the 
central part of this valley plain from near Breckenridge to Win- 
nipeg. 

Toward the east the ice-sheet at this time had receded from the 
southwest part of lake Superior, which was held about 500 feet 
higher than now and overflowed to the Saint Croix and Mississippi 
rivers by the way of the Bois Brul^ river and Upper Saint Croix 
lake. It seems nearly certain also that the ice-border continued 
across Green bay and the north part of lake Michigan ; and fur- 
ther east, I think that it probably crossed southwestern Ontario 
and the central or northern portions of New York, A'^ermont, New 
Hampshire, and Maine. The Laurentian lakes were dammed by 
the retreating glacial barrier and overflowed at the lowest points 
on their southern water-shed. 

During the formation of the tenth or Itasca moraine, crossing 
the lake region at the head of the Mississippi, the ice-sheet bound- 
ing lake Agassiz probably extended thence northward, passing 
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not far west of Red lake and the Lake of the Woods, to the vi- 
cinity of Winnipeg, the Bird's Hill group of osars being perhaps 
deposited at the angle where this boundary of the ice-sheet turned 
back southwestward. In that course it seems to have reached 
across the lake area to the boulder-strewn escarpment of the Pem- 
bina mountain east of Thornhill, and beyond to have passed south 
along the west shore of lake Agassiz into North Dakota, to Pilot 
Knob in sec. 5, T. 154, R. 56, thence westward to the north side 
of Devil's lake, and thence north northwestward by the east part 
of Turtle mountain and along the moraine of the west part of the 
Tiger hills and of the Brandon and Arrow hills. 

The eleventh or Mesabi moraine, well developed in northeastern 
Minnesota, is probably represented by morainic accumulations 
north of Pokegama Falls of the Mississippi, about Bowstring lake, 
the head of the Big Fork of Rainy river, east of the Narrows be- 
tween the south and north parts of Red lake, and on the east part 
of the Tiger hills. Lake Agassiz had contemporaneously a length 
of more than 300 miles, from lake Traverse to near the south end 
or lake Winnipeg. Later moraines, formed at times of halt or 
re-advance, interrupting the recession of the ice-sheet between 
northern Minnesota and Hudson bay, have not been determined; 
but I believe that they exist and await discovery when the glacial 
drift of that wooded and very scantily inhabited »«gion shall be 
fully explored. 

The highest of the Herman beaches of lake Agassiz extends 
in Minnesota, as traced in that survey, to the north side of Maple 
lake, twenty miles east-southeast of Crookston, and probably it 
continues thence into the forest region on the east, where it is im- 
practicable to follow its course, to the vicinity of Red lake ; and 
on the west side of lake Agassiz it reaches through North Dakota 
and at least fourteen miles into Manitoba, terminating on the 
northern part of the Pembina escarpment somewhere between 
Thornhill and its northern end, that is, between fourteen and forty 
miles north of the international boundary. Before the formation 
of this beach was completed, the ice-sheet had retired from the 
lake area as far north as the beach extends. During pauses of 
this glacial recession the Dovtc, Fergus Falls, Leaf Hills, and 
Itasca moraines were formed, showing a northward retreat of the 
ice-border across a distance of about 150 miles in central Minne- 
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80ta and 150 to 200 miles in North Dakota and southern Mani- 
toba, with a maximum of probably not less than 300 miles in the 
Red River valley, where lake Agassiz would doubtless cause a 
more rapid melting of the ice-margin. Through this time the 
river Warren eroded a channel about fifty feet deep, approxi- 
mately from 1,100 to 1,050 feet above the sea, or perhaps it 
eroded only the lower half of that depth, in the moderately undu- 
lating sheet of till which reached across the present valley of 
lakes Traverse and Big Stone. The shortness of the time prob- 
ably occupied in the formation of the beaches of lake Agassiz 
may well astonish us in what it implies concerning the rapidity of 
the recession of the ice-sheet, and the brevity, geologically speak- 
ing, of the stages of pause or re-advance when its moraines were 
accumulated. 

The retreat of the ice seems to have uncovered the southwest 
border of lake Agassiz earlier than its shores farther north and 
on its east side, as is shown by the Milnor beach, a less distinct 
shore deposit than the Herman beach and 20 to 25 feet above it, 
which was observed near Milnor, North Dakota, and along a dis- 
tance of about ten miles thence northwest to the Sheyenne, but 
was not recognized farther north nor in Minnesota. The forma- 
tion of the Sheyenne delta had begun at this time of the Milnor 
beach, and continued through the time of the Herman beach, with 
which latter the Buffalo, Sand Hill, Pembina, and Assiniboine 
deltas were also contemporaneous. The departure of the ice from 
the Red River vallej- seems to have been too rapid to permit the 
accumulation of definite shore deposits on the borders of lake 
Agassiz, excepting the scanty Milnor beach derived from the 
Sheyenne delta, until its outlet was cut down to the level of the 
Herman beach, which probably represents a time of much slower 
erosion of the outlet, due to diminished glacial melting and smaller 
volume of the outflowing stream. 

Compared with the level of the present time, the highest Her- 
man beach has a gradual ascent from south to north which aver- 
ages nearly a foot per mile, amounting to about 175 feet in the 
224 miles from the mouth of the lake at its southern end to the 
international boundary. The mouth of the lake was then about 
1,055 feet, and its surface on the international boundary about 
1,230 feet, above the present sea level. It is further found that 

16 
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in the northern part of the explored area of lake Agassiz this 
upper or Herman beach, which is single along the southern part of 
the lake, becomes divided into numerous parallel beaches that wer« 
formed at inter\'als of pause in a progressive elevation of that 
area. A portion of these relative changes of level, however, was 
due to a subsidence of the lake itself toward the north, on account 
of the diminution of its attraction by gravitation toward the ice- 
sheet, proportionate with the decrease of the ice in its final melt- 
ing. As many as six other Herman stages below the highest are 
recognizable by beach deposits, which indicate a rise of the land 
combined with a sinking of the lake to the amount successively of 
about 8, 10, 7, 15, 10, and 5 feet, or in total of 55 feet, on the line 
between North Dakota and Manitoba, while yet the relative eleva- 
tions of the lake and the adjoining land along its southern part for 
some seventy-five miles northward from lake Traverse remained 
with only slight changes, not sufficient for the formation of any 
secondary beach ridge. 

In a later part of this report the discussion of the causes of 
these changes in the hight of the land and of the lake is accom- 
panied by a table of the present elevations of the successive 
beaches formed by the lake on its west side through its entire ex- 
istence, until it was drained to the levels of lakes Manitoba and 
Winnipeg. The two highest beaches (a and aa) in the Herman 
series of this table were not found north of the Pembina Mountain 
escarpment \ but the next two (6 and 66) are well developed at 
Brandon and near Neepawa, reaching thus to the northern limit of 
my exploration at the south end of Riding mountain. During the 
inter\'al between these Herman beaches a and 6, the combined rise 
of the land and fall of the lake were only eighteen or twenty feet 
on the international boundary' ; but in this time the southern end 
of the ice-lobe west of the lake had been withdrawn from the east 
part of the Tiger hills to Riding mountain, and the Assiniboine 
delta was being rapidly deposited. The northward extent of lake 
Agassiz in its subsequent Herman stages is not definitely deter- 
mined, but evidently some of the upper beaches observed b}' Mr. 
Tyrrell on the foot slopes east of the escarpments of Riding and 
Duck mountains belong to this series, the highest, according to in- 
formation supplied by him, being in lat. 51° 52' or two hundred 
miles north of the international boundary, at an elevation of about 
1,460 feet above the sea. 
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IT is our painful duty to announce the death of our 
beloved brother and colleague, Alexander Winchell, 
of Ann Arbor, Mich. ^ which took place at his resi- 
dence at nine o'clock on the morning of Februar}^ 19, 
1891. His fatal malady, which had been insidiously ad- 
vancing on him for several years, was not known nor rec- 
ognized in its true character until a short time before his 
demise. Although diagnosed as << aortic stenosis/' its 
effect, which on post-mortem examination was found to 
have pervaded nearly his whole body, impairing the nec- 
essary circulation of the blood to the great secretory 
organs, was so general and pronounced, that it became a 
matter of astonishment that he had survived and labored 
so long. 

He was a man of strong natural physique, of indomit- 
able will, unremitting industry with an insatiable love 
for work in his profession, of broad philanthropy, of pen- 
etrating reason, of fearless pursuit of the truth, at home 
in any realm of nature's handiwork which he considered 
permeated with the essence and will of its Creator; a geol- 
ogist who embraced geology in all its ramifications, am- 
bitious to serve the world by contributing to its fund of 
advanced knowledge, an enthusiastic teacher, systematic 
and orderly to the smallest detail, in sentiment sensitive 
and delicate as a woman, in principle rigid and uncom- 
promising as law itself ; a tender-hearted son, father, 
husband and brother, generous to a fault ; a self-made 
man who, born a poor boy, did not content himself with 
the condition of his birth, a product of American insti- 
tutions and opportunities working on one of America's 
own scions. He was bom December 31, 1824. His 
aged mother survives him. 
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EEVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



CyclosphcBroma trUohatum^ — A new fossil Isopod from England. Dr. 
Henry Woodward In the Geological Magazine ( December, 1890) gives a 
most interesting and valuable description of a new isopod from the Great 
Oolite of Great Houghton House, Northampton. The specimen was 
found in the white crystalline limestone and is in a fair state of preser- 
vation. ^ 

Ctclosph^boma, H. Wood. gen. nov. 

General outline nearly circular, almost as broad as it is long. Cephalon 
rounded and tumid in outline ; eyes moderately large, cornea vitreous ; 
thoracic segments seven in number, broader than head-shield or telson, 
first segment coalesced with cephalon ; segments of abdomen coalesced 
together, but telson apparently distinct. Appendages ? ( imperfectly 
preserved.) 

C. trUobatum is the species here described and figured. The breadth 
of this species is 33 mm. and the greatest length 41 mm. Dr. Woodward 
remarks this as one of the most curious examples of isopods ever seen. 

ZitteVs Handtnich der PaUeontologie, The fourth part of vol. iii of 
palseozoology has just been received and completes vol. iii. This part 
contains the Reptilia from the seventh order (Crocodilla) and the Aves, 
thus bringing the volume up to the final Vertebrata, the Mammalia. 
The usual completeness of description prevails as has characterized the 
whole of this magnificent work. We have reason to hope that the final 
part will contain a most comprehensive index to the several volumes 
both botanical and zoological thus making the whole work one of in- 
estimable value, or the index might be issued as a separate part and 
form a volume in itself. 

BuUdifng Stone in New York. In the Bulletin of the N. Y. State 
Museum ( vol. xii, No. 10) Mr. John G. Smock ( economic geologist to 
the State Museum ) describes the geological position and the geographi- 
cal distribution of the various building stones arranged with reference 
to their geological characters being first divided into crystalline and 
fragmental rocks. Then descriptions are gi^en of the principal quarry 
districts, which are followed by ** The use of stones in the cities '* which 
chapter exhibits the great amount and variety of stones used for building 
In any one city ; the work then concludes with chapters on "Physical 
and Chemical Tests" and ''On the Durability of Building Stones and the 
Causes of Decay." The report is accompanied by a well executed map 
of the state showing the various quarry districts and the whole forming 
a most valuable addition to the literature of economic geology. 

SanguinUe, a new mineral. In the Mineralogical Magazine ( vol. Ix, 
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No. 42, 182 ) H. A. Mlers describes this apparently new mineral which 
was observed on specimens of argentite from Chanarcillo. To the naked 
«ye this mineral appeared to be gSthite, the microscope, however, re- 
vealing its true character, which must be referred to another mineral. 
No quantitative examination was made on account of the small quantity 
of material ; a qualitative analysis, however, showed the presence of 
silver, arsenic and sulphur. The physical characters as a whole, prevent 
the mineral from being referred to proustite or xanthooonlte, the mineral 
being nearer like the former In its physical characters. The specific 
gravity and hardness have not been determined. 

Report of eocploration of the glacial lake Agassiz in Manitoba^ by 
Warren Upham. < Part E Annual Report, vol. iv, 1888-9, Geol. and 
Nat. Hist. Sur. of Canada.) pp. 156, Montreal, 1890. 

In this report Mr. Upham has given a more detailed and comprehen- 
sive account of lake Agassiz than in any earlier report. The first 
accounts are found in the reports of the Minnesota survey. A bulletin 
of the United States geological survey adds much to the available 
literature of this lake, and occasional references to it elsewhere have 
made lake Agassiz a familiar term to the student of pleistocene geology. 

This report comprises that portion of lake Agassiz in Manitoba which is 
In the prairie region, but the lake included a large area further east and 
indefinitely northward which has not yet been examined and which, 
from the nature of the country, it is difficult or nearly impossible to 
survey at the present time. Much of this unsurveyed region is wooded 
And rocky, and it is nearly without human habitation. To trace the 
beach lines would be difficult and expensive. 

Ck>nsldering the great amount of information, however, which Mr. 
Upham has now given concerning the nature and the probable cause of 
this lake it is not so regrettable that the eastern part cannot be re- 
ported on. 

Mr. Upham has availed himself of every avenue of approach to a 
solution of the problems involved. Adding to a minute study of the 
•drift-sheet itself both in Dakota and in Manitoba, a iuass of definite 
•data from railroad levels, he proceeds to the study of common wells and 
the molluscan fauna which some of them have brought to light. He 
gives a '* history of lake Agassiz," a description of the topography of the 
basin, its beaches, deltas and its occasional osars, and attributes the 
•existence of the lake, with its north and eastward ascending beach lines, 
to a depression of the crust of the earth in that direction united with 
the cotemporary prevalence of a great ice-sheet which, moving from 
the northeastward formed a barrier against the water that gathered at 
its southern margin and compelled it to seek the lowest southward way 
of escape. 

The names of the upper beaches are derived from points in Minnesota 
where they were first observed ; but it is found that each of these 
beaches becomes divided into two or three, further north, having slightly 
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different altitude above the sea. There are five of the upper beaches^ 
viz : The Herman beach which becomes separable into seven stages* the 
Norcross hecLch which has two stages, the Tlntah beach, with two stages, 
the Campbell beach, with three, and the McCavleyviUe beach, with three 
stages. These upper beaches were all formed while the lake out-flowed 
southward at lake Traverse, by way of the valley of the Minnesota river 
to the Mississippi valley. They are traced through Minnesota^ 
Dakota and Manitoba. There are lower beaches, formed by lake 
Agassiz at a lower stage, and while the water found escape northward — 
though by what channel or channels it is not certainly known. These 
lower beaches exhibit a similar ascent toward the north Indicating some 
progressive change in the earth's crust which continued during the 
whole existence of the lake. 

The waters of lake Agassiz rose above the present level of lake 
Winnipeg about 600 feet during the upper Herman stage, 500 feet during 
the upper Norcross stage, 440 feet at the upper Tintah stage, 370 feet at 
the upper Campbell stage, and 325 feet at the upper McCauleyville 
stage. During the lower stages of the lake, while the discharge was 
northeastward, the depth of lake Agassiz above lake Winnipeg decreased 
to 285 feet at the upper Blanchard stage, 240 feet at the Hillsboro beach, 
210 during the formation of the Emerado beach, and finally 65 feet at 
the time of formation of the lowest or Niverville beach. The lake ex~ 
tended northward during its greatest development, to the divide lying 
on the south side of the English or Churchill river, that is to lat. N. 55o 
with a long westward arm which ascended the Saskatchawan valley. On 
the international boundary it extended to the east end of Rainy lake and 
thence turned abruptly northward, its northeastern limits being wholly 
unknown, but probably coterminus with the ice-sheet that caused^ 
nurtured and perpetuated it. 

The Geological and Natural History Survey of Minnesota, EighteerUK 
annual report, for 1889. N. H. Winchell, state geologist. 234 pages; 
11 figures in the text. (Minneapolis, Minn., 1890.) About 60 pages of 
this report present notes of field observations during 1888 and 1889 by 
the state geologist, in the iron-producing district of northern Minnesota^ 
In the vicinity of Pokegama falls, in the valley of the Minnesota river,, 
and in the area of the original Huronian rocks north of lake Huron and 
Georgian bay. The author concludes that the Huronian system, as that 
term is now defined and used in the Canadian geological reports, com- 
prises three separate formations, namely, in descending order, (1) the 
true Huronian, as first described and mapped by Murray; (2) the 
Keewatin, discriminated and described by A. C. Lawson in the region of 
the Lake of the Woods, to which are referred the rich Iron ores of 
Tower, Minn.; and (3) the Vermilion series of crystalline schists. 
These formations are stated to be distinctly separated by lithologic 
differences and by unconformities that have been noted from Vermont 
to Minnesota, so that they should no longer be classed together without 
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distinction, at least not under the name Huron ian, which in the area of 
its original description embraced only one part of the series. 

Prof. N. H. Winchell makes a timely recommendation, on which it 
may be hoped that the state legislature will take prompt and efficient 
action, for the setting apart of some considerable tract of the unoccupied 
lands in northern Minnesota as a state park. The region about lake 
Itasca, which is suggested, possesses not only rare natural beauty and 
diversity with its high morainic hills, majestic pine woods, and spark- 
ling streams and lakes, but also much historic interest from the succes- 
sive expeditions to reach and explore the sources of the Mississippi. 

The later part of this report is by Prof. Alexander Winchell, reviewing 
** American opinion on the older rocks," that is, below the Silurian 
system, with quotations from the principal geologists of this country 
who have given especial attention to these rocks, as Ebenezer Emmons, 
Douglass Houghton, E. and C. H. Hitchcock, Henry D. Rogers, Hall, 
Logan, Whitney, Hunt, Irving, Lawson, and many others. This sum- 
mary is given as the introduction to a full discussion of the Tffconic and 
Archsean systems in the Northwest, which Dr. Winchell hopes soon to 
publish, based upon his own observations and studies. 

The Charleston Earthquake of August 31, 1886. By Capt. Clarence 
Edward Dutton, U. S. Ordnance Corps, pp. 203-528 ; plates vii-xxxi ; 
figures 1-41. (Accompanying the ninth annual report of the director of 
the U. S. Geological Survey.) The lirst chapter of this very thorousrh 
and elaborate memoir gives accounts of the earthquake as written by 
persons who experienced it in Charleston. Not a building in the city 
escaped injury, but only few were completely demolished and levelled to 
the ground. Many illustrations from photographs show the damage 
done to buildings of different kinds in Charleston, Summerville, and 
other places, including the ancient churches of St. Michael and St. 
Philip, Hibernian Hall, the Roper and City Hospitals, and brick and 
wooden dwellings. 

Two epicentral tracts are recognized, the principal one about sixteen 
miles northwest of Charleston and six miles southeast of Summerville, 
around which the isoseismal curves are nearly circular, and a subordi- 
nate one about thirteen miles west of Charleston, surrounded by elliptic 
isoseismals with their major axes trending toward the northern or Wood- 
stock epicentrum. The violent upward shocks near these places had 
the effect to drive into the ground the bases of piers on which houses 
are built. Other remarkable effects were the formation of fissures and 
craterlets, the latter being large holes in the sandy and clayey ground 
of the district, from which water poured up, sometimes in jets to the 
bight of several feet. Railroad tracks were displaced and bent, and at 
a bridge it was seen that the opposite banks of the Ashley river were 
thrown slightly nearer together. 

Captain Dutton computes the depth of the principal or Woodstock 
focus of the earthquake energy to be about twelve miles, with a probable 
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error of less than two miles ; and the depth of the more southern focas, 
though less definitely known, is believed to have been about eight miles. 
Both the course of the isoseismal curves and the absence of any apparent 
changes in the slopes and currents of the streams in the district seem to 
show that there was no extended faulting movement, shearing the rocky 
strata along an extent of many miles. 

The tremors from the most violent shock, which occurred at 9 h. 51 
m. 6 8., very closely, in the evening of August 31st, were propagated at 
a speed of about three and a quarter miles per second, or nearly 200 
miles per minute, to so distant points as Boston, Milwaukee, La Crosse, 
Keokuk, eastern Arkansas, and New Orleans. They were also felt In 
Cuba and in Bermuda, the distance to the latter island being almost 
exactly 1,000 miles. The area within which the motion was sufficient 
to be noticed, including its oceanic portion, was approximately 2,500,000 
square miles. With instrumental observation, such as is obtained in 
Japan by self-recording seismographs, the disturbance would doubtless 
have been detected over a much larger area. Because of the general 
use of the standard time system, and the harmony of the observations 
giving the time of this earthquake in different parts of the country, the 
author regards his results for the speed of transmission of the shock as 
far more accurate than all previous determinations for other earth- 
quakes. And it is noteworthy that this velocity agrees with that which 
theory indicates for elastic waves in an indefinitely extended solid mass 
of siliceous material, as captain Dutton thinks the earth to be to the 
depth of at least a hundred miles from its surface. 

A vast amount of detailed information was gathered, mainly through 
assistance by Mr. Earle Sloan of Charleston and by Messrs. W J McGee 
and Everett Hayden of the U. S. Geological Survey ; but, with most care- 
ful study, the question how the earthquake was caused completely baffled 
the long continued and painstaking efforts of the author to obtain any 
answer. It seems therefore well nigh certain that the premises on which 
his investigations proceeded were somewhere unsound. May not the 
solid mass of the crust of the earth, while having a physical constitution 
competent for the transmission of the earthquake shock as observed, be 
yet much thinner than captain Dutton supposes ? If the earth's crust 
rests, at a depth varying perhaps from twenty to thirty or forty miles 
beneath its surface, on a heavier viscous or liquid interior of molten rock, 
or of rock under combined conditions of intense heat and pressure which 
render it freely plastic, may not strains resulting from slow cooling and 
shrinking of the interior, and from the transportation of material on the 
surface by streams, produce faults in the solid crust at such depths and 
of so limited length as to be manifested by epfcentral tracts like those of 
the Charleston earthquake ? This view seems to accord well with the 
phenomena and distribution of volcanoes, with the great movements of 
folding and faulting by which mountain ranges have been formed, and 
with the epirogenic uplifts and depressions which have affected broad 
areas, as the whole or large parts of continents. 
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The Oeology of Cape. Ann, MaasachuseUs. By Nathaniel Southgate 
Sealer, pp. 529-611 ; plates xxxii-lxxvii ; figures 42-51. ( Accompany- 
ing the ninth annual report, U. S. Geol. Survey.) The glacial and 
structural geology of a tract about ten miles long, extending into the 
ocean on the northeast coast of Massachusetts and including Gloucester 
and Rockport, is here well described, with abundant illustrations sup- 
plied from photographs. Only a single drumlin, Pigeon hill, is found 
on Cape Ann, but this is a large, smoothly rounded, typical example of 
its class of till accumulations. Boulders are spread in profusion, on a 
morainic belt about two miles wide, which trends from northeast to 
southwest at right angles with the average direction of the glacial stria- 
tion. They are mostly like the granite aud other bed-rocks of the cape, 
which are exposed in multitudes of outcrops. There are also narrow 
bands of excessively rocky moraine, with boulders of all sizes up to ten 
And twenty feet in diameter piled promiscuously together. The systems 
of Joint planes In the granite and diorite bed-rocks have been carefully 
studied, and a great number of dikes of diabase and quartz porphyry are 
tabulated and mapped, mostly along the ocean shore and in the exten- 
sive quarries near Rockport. 

Formation of Travertine and SUiceous Sinter by the Vegetation of Hot 
Springs. By Walter Harvey Webh). pp. 613-676; plates Ixxviii- 
Ixxxvii ; figures 52-56. ( Accompanying the ninth annual report, U. S. 
Geol. Survey.) Some of the results of the investigations published in 
this memoir have been recently given by the author In the Geologist 
(Jan. 1891, pp. 48-55). His field of special study has been the Yellow- 
stone National Park, whose hot springs and geysers are forming, through 
the agency of algae, extensive deposits of silicious sinter, but at only one 
locality are they known to be depositing travertine, or calcareous tufa, 
of any considerable extent. This place is the Mammoth Hot Springs, 
where the heated waters rising through Mesozoic limestone reach the 
surface heavily charged with carbonate of lime. The white travertine 
here mostly deposited upon white filamentary algss, has a maximum 
thickness of probably 250 feet, resembling an immense snow-bank, and 
contrasting remarkably with the pine-clad sides of the narrow valley in 
which it is enclosed, so that it has been compared by Archibald Geikie 
to the terminal front of a glacier. The formation of siliceous sinter by 
plant life is taking place in many parts of the Park, among which the 
Upper Geyser Basin of the Firehole river is selected for particular 
description. Forty-eight geysers, including the Giant, Bee Hive, and 
Old Faithful, are known In this area of about two square miles. The 
maximum depth of the sinter or geyserlte around several of the older 
vents is about 30 feet. Wherever the hot waters flow, multitudinous 
tints of red and yellow, green and brown, are produced by the growth of 
Algse, which thrive best at the temperature of about 140^ F., but are 
able to endure 185°. 

The structure of a portion of the Sierra NevadUi of California, By 
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Geo. F. Becker. Bulletin of the Geological Society of America, vol. ii, 
pp. 49-74, with thirteen figures In the text; Jan. 10, 1891. This society 
within the first month after its recent meeting in Washington ha» 
published two of the communications received at that meeting, and it i» 
expected that the others will follow in rapid succession. Mr. Becker in 
this important paper announces his discovery that the uplifting of the 
Sierra Nevada has been effected by many thousands of faults, varying- 
in amount from a small fraction of an inch to three inches or rarely two 
or three feet, often well marked by slickensides and by measurable dis- 
placement on nearly vertical joint planes or fissures. Granite and 
diorite, overlain in part by andesite and basalt, form the area studied, 
which has a length of about 80 miles and width of 30 miles, immediately 
west of the eastern scarp of the range. The fissure systems and the 
faulting are referred to the period of andesitic eruptions, which the 
author here regards as Pliocene. But as he shows that the glaciation 
of the Sierra Nevada was very recent, and in another paper maintains 
the authenticity of the many reported occurrences of stone mortars and 
other implements and of human bones in the deep placer gravels, lava- 
capped, on the western slopes of this great mountain range, which 
belong to the date of beginning of this period of disturbance, faulting, 
and uplift, it seems more consistent to regard all these events as com- 
prised within the Quaternary era, the uplift of the Sierra being proba- 
bly contemporaneous with the first Glacial epoch. In all the faults 
observed it is found that northerly walls have moved upward and west- 
ward relatively to southerly walls, and that easterly walls have moved 
upward and southward relatively to westerly walls. The theory that 
the earth is a solid, highly viscous mass appears to the author to be in 
all respects compatible with his observations, fully explaining the fissure 
systems the faults, and the enormous resistance to tilting which the 
range has displayed. 

The Phosphate DeposUa of the UlanA of Navassa. By Edwari> 
D'iNViLLiERS. Bulletin, G. S. A., vol. ii, pp. 75-84; Jan. 27, 1891. This 
island, lying between Hayti and Jamaica, is 2K miles long and IX miles 
wide, rising to a hight of 255 feet. It is of recent geologic age. and is 
formed of coralline limestone that has undergone elevation. Phosphate 
earths and rock, which are evidently leached guano deposits, fill 
irregular cavities and fissures in the surface of the limestone to the depth 
of about twenty feet. The gray phosphate, found on the lower flat or 
terrace, 10 to 70 feet above the sea, contains 65 to 70 per cent, of lime 
phosphate; and the red variety, found on the flat top of the island, 
contains 50 to 65 per cent. The yield of the gray phosphate is 1,500 to 
2,000 tons per acre, and the area originally occupied by it was about 244 
acres, more than half of which has been exhausted during the past 
thirty years of mining ; but only about a seventh part of the upper 300 
acres of red phosphate has been worked, leaving probably 300,000 tons 
of this variety. 
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QeoUHjical Survey of lUinois, A. H. Worthen, director ; Vol. viii. 
Oeology and PalcBontology ; edited by Josua Lixdahl, Ph. D. Geology 
2>]/ A. H. WoBTHEN ; PalaBontology by A. H. Worthen, Charles Wachs- 
MUTH, Frank Springer, E. O. Ulrich and Oliver Everett ; wiOi an 
appendix. One volame of text of pp. 1-9, 1-728 and 1-151, and a 
volame of lxxviii plates prepared by E. O. Ulrich, Charles Schuchert, 
and Charles K. Worthen. Royal 8vo. Springfield ; published by authority 
of the State of Illinois, July, 1890. 

This volume, which has been in course of publication for a long tirne^ 
completes and commemorates the scientific work and the life of its chief 
author, the late state geologist of Illinois. Dr. Lindahl who was ap- 
pointed successor to Prof. A. H. Worthen in June, 1888, faithfully and 
efficiently devoted his efforts to the completion in a thorough and credit- 
able style, of the great enterprise that had been left unfinished by his 
predecessor, and he has manifested his appreciation of the work and his 
skill and capacity in editing it. 

In the preface Dr. Lindahl takes occasion to recommend the continua- 
tion of the geological survey of Illinois, noting particularly the need of 
preserving the records of deep wells and mining shafts, of a hypsometric 
survey similar to those of New Jersey, New York and Massachusetts, 
the determination and delineation of the coal-beds, the water-bearinir 
strata, the characters of the clays and other parts of the drift, the lead 
deposits which adjoin the state of Wisconsin, physical and chemical 
tests of the rocks, clays and coals, and finally a work giving the sys- 
tematic paleontology of the state. The facts that should be brought to 
light by these investigations he would have embodied annually in a 
report to the Legislature, thus producing a series of volumes similar to 
that which is maintained by Minnesota and by New Jersey, and now 
lately begun by Ohio. There is no doubt that it is the better policy for 
state surveys to be originated and maintained on that plan, with a 
calculation that it takes time, and much of it, to gather and compare 
the data that enter into a final geological report. Some of the early 
state surveys, considered ** completed '* when they were closed, would be 
counted as mere reconnoissances in comparison with the requirements of 
more recent geological work. Had they been continued for several 
years longer, at but slight annual expense, they might have been more 
useful, and probably some of the doubts and discussions which have 
sprung from those "final reports," would never have appeared. In 
paleontology Illinois and New York have led all the States of the Union, 
but in economic geology they are as markedly behind. Therefore it is 
to be hoped that the people of Illinois will supplement the technical 
geology which has been so ably conducted by Worthen, by as searching 
an inquiry into the economic geology of the state. In that way only can 
they reap in full the reasonable results that may be expected from the 
work of Worthen. Such economic research should be executed deliber- 
ately and thoroughly, and for that, it needs much time and a stated small 
annual appropriation. The survey then would become a bureau where 
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would be stored all the available information touching every economic 
interest that can be thought to belong to the geology of the state. 

Of the scientific character and merits of the body of the work we can- 
not here speak with such assurance and thoroughness as we would like. 
The authors are mostly well-known geologists, and it is only necessary 
to mention their names to gain the attention of all who are interested in 
such scientific work. Mr. Ulrlch bears the largest burden of this author- 
ship. Besides adding a large number of new forms to the Spongise, he 
has given a sketch of their structural peculiarities, geological distribu- 
tion and their classification. In joint authorship with Dr. O. Everett a 
very rich sponge-bearing stratum of the Trenton formation is worked 
out. The specimens were collected by Dr. Everett three miles north- 
west from Dixon, 111., and are divided among three orders and ten genera. 
They are found in a shaly layer or a **mud stratum," between heavy 
layers of limestone, about twenty-five feet above the top of the St. Peter 
sandstone. 

The bryozoa, however, which occupy more than one-half of the body 
of the book, are treated in great detail and fullness. This part of the 
volume cannot fail to be considered by paleontologists, for many years 
to come, one of the chief authorities on bryozoa. Mr. Ulrich has been 
criticised, but generally, by those who but partly understood his views 
and classification and, of course, always by those who had not seen this 
presentation of them. For this reason the delay in this volume has been 
unfortunate for Mr. Ulrich. Here will be found Mr. Ulrlch's classifica- 
tion, and its reasons, presented in extenso. The memoir does not abound 
in references to cotemporary literature. We notice two figures, one on 
p. 401, and one on p. 643, which have before appeared in the Geoloqibt, 
but there is no acknowledgment of that fact, nor of the earlier publica- 
tion of the new species which they illustrate. 

Mr. Worthen, besides chapters on the drift deposits and on the 
economic geology of the state, contributed a description of fossil in- 
vertebrates, and the crinoids and blastoids are treated by Messrs. 
Wachsmuth and Springer. 

The appendix, which is Illustrated by a portrait of Prof. Worthen, Is 
by N. W. Bliss and Charles A. White, and gives a sketch of Prof. 
Worthen's life and scientific work. 

First Anrnuil RepoH of the Geological Survey of Ohio ( Third Organ 
izatlon ), by Edwakd Ortok, State Geologist. Royal octavo, 323 pages, 
maps in separate envelope, Columbus, Ohio, 1890. 

This report Is issued uniform in style of binding and size of pages 
with the final volumes of the survey which preceded it. The report for 
1889 is exclusively devoted to a description and consideration of the 
marvellous natural gas and oil wells which have been developed in 0)^lo 
and Indiana within the last five years. The various questions, of the 
origin of natural gas and petroleum ; the explanation of the pressure 
under which the gas rushes forth when the drill penetrates the reservoir 
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containing it ; the geological structure of the region and its effect on the 
distribution of the gas fields; the duration of the gas and the means for 
measuring and protecting its use are all treated of in a thoroughly 
scientific and comprehensive manner. Seldom does an annual r3port 
contain such an able and entertaining as well as conclusive and con* 
vincing treatment of any subject, especially one so new and little studied 
as this. Dr. Orton's style is easy, and his meaning is never obscure. 

Not the least valuable and instructive part of the report is the review 
of the various theories hitherto proposed for the origin of petroleum and 
natural gas. These are divided into two classes, Chemical and Geolog- 
ical. Under the head of Chemical theories are mentioned that of Ber- 
thelot ( 1866) which accounted for all natural hydrocarbons by the action 
of chemical forces on inorganic matter at considerable depth within the 
earth's crust ; and that of MendcIJeff (1877) which ''holds that petro* 
leum is never of organic origin, but is as purely a product of chemical 
affinity, acting on inorganic substances, as a vein-stone or an ore.*' 
Both of these chemical theories are found to be inadequate to explain 
the origin of petroleum. 

Under the head of Geological Theories are mentioned those of New- 
berry, Peckham, Hunt and others, and we find that they all agree in 
deriving petroleum from organic substances that were incorporated with 
the strata when the latter were formed. Most geologists hold that 
vegetable substances have supplied the chief sources, but some count 
animal remains as also an' Important source. The two methods in which 
organic matter may have furnished petroleum are (1) by destructive 
dUitUlatUya and ( 2 ) by primary decomposition. According to the latter 
view, which is the one held by Hunt, the petroleum that the rocks 
contain was formed when the rocks themselves were formed, and this 
process of formation therefore Ceased long ago in the older rocks. Al- 
though Dr. Orton does not adopt fully any of these theories, he looks 
upon the last one mentioned '*with great interest as it furnishes on the 
whole the best explanation of the facts for which we are obliged to 
account." 

A detailed history of each of the great Ohio gas wells up to date is 
given and many popular opinions, such as the belief in the eternal 
duration of the gas supply, the existence of vast subterranean caverns 
which may open and engulf whole cities, and others equally well- 
founded are exploded. 
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PERSONAL AND SCIENTIFIC NEWS. 



Dr. James Croll, of the Scottish Geological Survey died on 
Dec. 15th, 1890, at the age of 69. Failing health had compelled 
him for some years to withdraw from the active pursuit of his two 
favorite studies, philosophy his first, and geology his later love. 
Disabled for the hard physical labor of a millwright — his first oc- 
cupation — by an accident he turned his attention to science and 
became so well known that he was made Keeper of the Anderson- 
ian Museum in Glasgow. His first work, published anonj-mousl}*, 
was the ** Philosophy of Theism," but the paper which established 
his reputation was the first of that remarkable series on ^^The 
Phj'sical Cause of the Change of Climate during the Glacial 
Epoch" with which his name will always be associated. It is 
scarcely necessary here to do more than mention their purport 
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Dr. Croll, dissatisfied witii terrestial causes, boldly reached out 
and sought in the varying eccentricity of the earth's orbit a suffi- 
cient cosmical cause. It is not too much to say that no speculation 
connected with this subject has been more fruitful of result or 
more stimulating to investigation than this. Captivating and fas- 
cinating, however, as it was at first, all the argument of its 
able author could not establish it on a secure base and he was led 
by his enthusiasm into the adoption and promulgation of views 
which, in cold light, now appear somewhat extreme. His theory 
is no longer accepted, at least by most American geologists, being 
contrary to all the positive evidence afforded by glacial phenomena 
on this continent, but like many others it will ever remain a splen- 
did monument to the reach and power of the intellect of Dr. 
Croll, by whose death theoretical geology loses a strong and able 
investigator. 

Throucjh the Instrumentality of Dr. Hans Reusch, Dr. 
Wincheirs work entitled ** Shall We Teach Geology?" is being 
translated and republished in the Daghladet^ Christlania. It will 
subsequently be used by Dr. Reusch in his classes in his * < Semi- 
nary of Greolog}'," in the University of Ghristiania. 

Discovery op Fish Remains in Lower Silurian Rocks. 
At a meeting of the Biological Society of Washington on Feb- 
ruary 7th, 1891, Mr. Charles D. Walcott, of the U. S. Geological 
Survey, announced the discovery of vertebrate life in the Lower 
Silurian ( Ordovician ) strata. He stated that < < The remains were 
found in a sandstone resting on the pre-Paleozoic rocks of 
the eastern front of the Rocky mountains, near Canon City, Col- 
orado. They consist of an immense number of separate plates of 
placoganoid fishes and many fragments of the calcified covering 
of the notochord, of a form provisionally referred to the Elasmo- 
branchii. The accompanying invertebrate fauna has the facies of 
the Trenton fauna of New York and the Mississippi valley. It ex- 
tends upward into the superjacent limestone and at an horizon 
180 feet above the fish beds, seventeen out of thirty-three species 
that have been distinguished are identical with species occurring 
in the Trenton limestone of Wisconsin and New York. 

* * Great interest centers about this discovery from the fact that 
we now have some of the ancestors of the great group of placo- 
derm fishes which appear so suddenly at the close of the Upper 
Silurian and in the lower portion of the Devonian groups. It 
also carries the vertebrate fauna far back into the Silurian and in- 
dicates that the differentiation betweep the invertebrate and verte- 
brate types probably occurred in Cambrian time." 

Mr. Walcott is preparing a full description of the stratigraphic 
section, mode of occurrence and character of the invertebrate and 
vertebrate faunas for presentation at the meeting of the Geologi- 
cal Society of America, in August, 1891. 
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GEOLOGY OF THE MOTHER LODE GOLD BELT.* 

By Harold W. Fairbanks, B. S., San Diegro, Cal. 

The term Mother Lode is used to designate a series of gold 
bearing veins, of great magnitude, forming a continuous line over 
a hundred miles long through the counties of Mariposa, Tuolumne, 
Calaveras, Amador and El Dorado, Cal. They usually occur in a 
belt of black slate, with either slate, diorite, diabase, serpentine or, 
occasionally granite as wall rock, and are distinguished by a 
peculiar green vein-matter, known as mariposite, and by the more 
or less riblK)n-like character of the quartz. 

As far as can be learned the term *' Mother Lode " was first ap- 
plied to the veins worked at Nashville, twelve miles south of 
Placerville, El Dorado county, in the latter part of 1850 or earlier 
part of 1851. 

In tb^ use of the term Mother Lode it is not intended to convey 
the icjea of a genetic relation to other lodes or veins, though it is 
likely that, from the size, extent, and richness of this series of 
veins the earl}' miners, first used the expression partly with that 
signification, and partly perhaps, meaning the source from whence 
came the great wealth of the surface placers. 

The magnitude of the operations on the Mother Lode gold belt 
since the earliest days of mining in the state and the importance 
of a thorough knowledge of the occurrence of its ores, is best illus- 
trated by the fact that over the whole length of the Lode, 112 
miles, there is an almost continuous series of mineral locations, 

•Condensed from an article on the geology of the Mother Lode 
region in the 10th annual report of the State Mineralogist of California. 
16 
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oomprising nearly five hundred patented claims and almost as 
many unpatented ones. 

The Lode follows, in a general way, the northwest and south- 
east trend of the Sierra Nevada mountains. The veins invariably 
conform to the strike of the rocks but not to the dip. The dip of 
the latter varies from fifty to ninety degrees, while that of the 
veins is from forty to eighty degrees. In direction it ranges 
from north 60" west to a little east of north in places. The 
elevation is that of the middle foothills, being as low as seven 
hundred feet in the river canons. In Mariposa county it is two 
thousand feet, and in the northern part of El Dorado county two 
thousand four hundred feet. 

The surface of the region traversed by the lode varies greatly ; 
near the rivers it is cut up by deep, rocky canons, overgrown with 
brush and generally quite diflQcult of exploration, while back some 
distance the countr}' is rolling or hilly, more free from brush and 
more or less timbered. 

The topography and other physical aspects appear in striking 
accord with the geologic structure. The foothill region is one 
which may be styled metamorphic. The more or less altered 
strata of slates, schists and sandstones being usually in excess of 
the eruptive rock. It is characterized by ranges of hills running 
parallel with the axis of the mountains, and often having between 
them long, deep valleys, or where the rock is of comparatively 
uniform hardness the hills and valle3's are irregularly disposed. 

The larger rivers flowing from the high Sierras follow a compar- 
atively direct course to the San Joaquin valley. At times their 
channels will lie for several miles in the strike of the softer strata, 
and when a stratum of hard crystalline rock is encountered, they 
turn and take the shortest course through it. Their cafions are 
deep and narrow, with scarcely any bottom land. The tributaries 
of the main streams have generally cut their courses in the strike 
of the rocks when there exists any decided difference in the hard- 
ness of the strata. 

Ordinarily this middle foothill belt is well watered \ springs are 
numerous, and a large part is susceptible of cultivation. Timber 
is quite abundant, sufilcient for ordinary purposes, though material 
for good lumber is to be found mostly higher up. Willow or nut 
pine, black pine, live oak, and white and black oak are the prin- 
cipal trees ; while manzanita, chaparral, scrub oak, greasewood, 
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buckeye and poison oak are the most prominent of the smaller 
growths. 

The ascent from the plains of the San Joaquin valley is gradual, 
each succeeding valley being a little higher. South of Mariposa 
county the slope up to the crest of the Sierras is much more rapid, 
and with but little intervening sedimentary strata however the sed- 
imentary strata widen quite abruptly in Mariposa county, and in 
El Dorado county thej* reach a width of forty or fifty miles. 

The Mother Lode occupies about the centre of what is called by 
Whitney *«the auriferous slate belt." The nearly level Tertiary 
rocks rest on the edge of the upturned slates which are penetrated 
by many dikes and granite masses. Farther east the slate finally 
disappears and granite becomes the prevailing rock. However, it 
must be borne in mind that over a part of the western slope, what 
is usually called the metamorphic area is formed largely of truly 
eruptive rocks, which have become so much obscured in character, 
through various metamorphic agencies, as to appear bedded and 
of sedimentary origin. 

The age of none of these rocks, except the horizontal strata, 
has been positively decided ; a part of these are late Cretaceous 
and a part are Tertiary. It is probable that the upturned slates 
are of Jurassic age or early Cretaceous as affirmed by G. F. 
Becker, while the granite by which they are upturned, intruded 
and metamorphosed, can hardly be considered Archaean though it 
has often been^aapped and described as such. 

As regards th||||pratigraphical relations of the different members 
of the series as ^eil as. the paleontological evidences more will be 
said at the close of this article. 

So scanty are the fossil remains over a large part of the foot- 
hills, and so violent have been the disturbances of the strata that 
the region is one of uncommon difficulty. However within the 
last year new locations of fossils have been discovered in the lime, 
stone areas along the lode where hitherto all efforts in that 
direction have been futile. Whatever may be the character and 
value of the gold deposits in Fresno county it is certain that the 
southern end of the Mother Lode lies in Mariposa county. A 
great mass of eruptive granite extends down from the high Sierras, 
cuts across all the other formations, both sedimentary rocks and 
dikes, and terminates five miles west of the town of Mariposa. 
The dikes as a usual thing do not extend up to the granite, but 
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the schists and slates abut against it for a distance of twenty 
miles, and in the vicinity of the eruptive mass they are greatl}' 
broken and metamorphosed. 

The region traversed b}^ the Mother Lode is one characterized 
by yertical or steeply inclined rocks which are either eruptive 
dikes or sedimentary strata. Each of the four formations, granite, 
slate, serpentine, and diabase is characterized by a different sur- 
face and soil. The two formations to which the most important 
topographical features owe their existence are the long, narrow 
bands of slate and the adjoining diabase dikes. The uniform con- 
formabilit}' of these great dikes to the stratification of the sedimen- 
tary rocks, their hard and indestructible character, and their 
juxtaposition with the soft, easily eroded slates, have given rise to 
those long, deep and narrow cailons leading down to the main 
rivers that cross the lode. 

In Mariposa county, only, does the diabase appear in any great 
amount on the east side of the lo<le ; there it forms the Mount 
Bullion range, which rises four thousand two hundred and fifty 
feet. Bear mountain, of Mariposa county, and its continuation 
north in the high ridge west of moccasin creek ; the Bear mountain 
range of Calaveras county ; the low ridge through Amador count}^ ; 
and the high hills west of the north fork of the Cosmunes river in 
El Dorado county are the prominent features of this rock west of 
the lode. This diabase forms a continuous dike west of the black 
slates through Mariposa county. In Tuolumne county it is broken 
for a short distance, and near the northern border of the countv it 
appears three miles west of the lode. This is due to a longitud- 
inal compression, the eflfect of which is also seen in the slates 
which bend nearly as much in the same direction and away from 
the course of the lode which pursues nevertlieless a nearl}' direct 
though less regular line. The serpentine also partakes of the 
westward deflection, but its massive chai'acter indicates that this 
peculiar position was assumed at the time of the outburst and was 
not induced by the subsequent folding, for in the latter case it 
would have been rendered fissile. This is interesting as it gives 
a clue to the sequence of events in the history of these rocks. 
Near the northern edge of Calaveras county the black slate is 
again found in the course of the lode, and it is not only bordered 
on the west by the diabase but the latter forms many parallel 
dikes in it. The quartz ledges usually appear at the contact of 
these two formations. 
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The diabase extends through Amador county in several par- 
allel dikes, the western one of which is nearly two miles wide. In 
El Dorado countj- it gives place for a number of miles to a beauti- 
ful syenite porphyry, which in turn is replaced north of Placerville 
by irregular discontinuous dikes of diorite and diabase to the 
middle fork of the American river, where these dikes become very 
numerous and in conjunction with serpentine finally take the place 
of the black slates. As the Mother Lode approaches this point it 
becomes less distinct. There being no confining bodies of rock, on 
the east the veins spread out in the schists where they are usually 
barren. At Oregon Bar the Mother Lode may be considered as 
really terminating. Here all its characters are lost and the gold 
instead of occurring in quartz is found in clay seams in the de- 
composed crystalline rocks. 

Although at times the diabase seems to blend into the adjoining 
uncrj^stalline schists and frequently' shows lamination yet it can be 
considered nothing else than an eruptive rock, for in many places 
it has an amN'gdaloidal structure. The amygdules occur both in 
the massive portions and in the matrix of the conglomerates. The 
fragmental portions, which occur over nearly the whole extent of 
the outburst, have been classed as tuffs or metamorphic conglom- 
erates b}' former geologists, but this is incorrect if we accept 
Rosenbusch's definition of a tutf. 

Serpentine is one of the rocks almost always associated with the 
Mother Lode, sometimes forming one of the walls for many miles. 
Its influence does not tend to produce a well defined vein, the 
quartz ]>odies being almost always bunchj* and irregularly placed. 
When the serpentine occui-s in ])Oflies of great thickness it is gen- 
erally massive, but the long, narrow, dik(»-like forms are lamin- 
ated. From the appearance of the lamination it is evident that it 
has been produced by pressure and movement and is not due to 
original sedimentation. G. F. Becker, in his report on the quick- 
silver deposits of the Pacific slope, hjis advanced the theory that 
all the serpentine of the coast range has been derived from sedi- 
mentary rocks, chiefly sandstones, througli metiisomatic processes, 
and that those of the gold belt have originated in the same manner. 
As far as my observation in the Mother Lode region has gone 1 see 
not the slightest reason for attributing to it any such origin. 

The occurrence of the serpentine in long, narrow bodies inter- 
secting the slates and crj'stalliue rocks, and in bunches in the 



214 The American Geologist. April. i89i 

slates which have been pushed aside by them, offers an insuper- 
able barrier to this theorj', as does also the almost universal 
presence of traces of crystalline structure and the frequent occur- 
rence of amygdules. 

Dikes and bosses of granite occur at intervals along the lode 
near Jacksonville, Tuolumne county, the fissure has broken through 
a knot of granite one thousand feet across. 

Many dikes of talc schist and other less altered ones, which still 
show crystalline structure, are to be seen along the lode, especiall}- 
through the northern part of Mariposa county. 

In Calaveras county, a short distance from the lode, there is a 
hill of knotty talc schist, in which are imbedded small nodular 
masses of dark, coarsely crystalline rock, composed of calcite, 
magnetite and a little pyrite. The talc is rendered knotty by 
aggregations of granular calcite cr^'stals and shows all gradations 
between an almost massive form in which the arrangement of the 
calcite pseudomorphs as well as the structure indicate a once 
crystalline condition, and a very fissile schist in which the calcite 
crystals have almost disappeared and the talc fibres have only a 
slightly wavy appearance. The massive portions undoubtedly 
represent the original structure which, through some inherent 
difference of certain parts, was preserved, as were the nodules ob- 
served so often in the serpentine. Whatever was the composition 
of thi^ rock, in the process of substitution which has gone on, 
ever3'thing has been replaced by calcite, except the iron. The 
pyrites owes its origin to percolating solutions, while the small 
quartz veins which are scattered through the rock may be due to 
that also or, what is more probable, to the segregation of a part of 
the silica of the original mass. 

As an example of the complexity of the country rock and of the 
magnitude which the Mother Lode sometimes assumes, Quartz 
mountain, Tuolumne county, will best serve. **The Mountain" is 
about six hundred feet wide, nearly half a mile long, and two 
hundred and fifty feet high. It is formed wholly of quartz and 
vein matter, the latter consisting of mariposite and dolomitic mate- 
rial. In the middle and forming the summit is a great bod}* of 
massive quartz. On the west side another nearly as large, and on 
the east a smaller one. The vein matter between them is filled 
with a network of small quartz stringers. 

Beginning in the east and going west for a mile, the following 
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succession of strata occur ; first, chlorite schist, then six hundred 
feet of vein matter, containing three ledges of quartz besides 
several f eldspathic dikes, west of this diabase, serpentine, diabase, 
decomposed rock probably once crystalline, slate, serpentine, slate, 
serpentine, and diorite. 

The greatest exposure of quartz is on the Mariposa grant in 
Bear valley. It is twenty feet thick and one hundred and fifty 
feet long at the base, rising eighty feet with a dip of seventy 
degrees. It presents a smooth, regular wall on its eastern face, 
but is somewhat cut up by longitudinal seams. 

In Mariposa county the lode is characterized by two veins ; first, 
the one extending north from Princeton, through Bear valley, 
along the Merced river, and constituting the west vein at Coulter- 
ville. A break occurs in this vein between the Anderson mine 
and the Merced river. The other vein, beginning near the head 
of David's gulch, north of the Merced river, outcrops almost con- 
tinuously through Coulterville to Moccasin creek. The fissure 
continues into Tuolumne county, though containing but little 
quartz for a number of miles. It is widest at Quartz mountain, 
and here, as well as north and south for several miles, there are 
two veins, often lying side by side. In Calaveras county it is 
most prominent at Carson hill, AngePs camp, and in the vicinity 
of Mokelumne river. Through the centre of the county it is con- 
siderably scattered. Through Amador county it is nowhere 
confined to a single vein, but consists of a series of them, occupy- 
ing a width, at times, of nearly a mile. The same condition of 
things exists in El Dorado county. The veins are scattered 
through the strip of black slates, though the main vein usually 
occupies the eastern edge. 

Opportunity was not given for extended investigation into the 
mineralogical features of the lode for the reason that such a laige 
number of the mines are not open. Professor Silliman, in an 
article in the Proceedings California Academy Science, III, 380, 
1867, has described several of the rarer metals, among them being 
tellurides of gold and silver, which are particularly abundant at 
Carson hill. He also gave the name mariposite, provisionally, to 
the green, scaly mineral which is so characteristic of the lode. 
This mineral is an anhydrous silicate, containing the bases — ^iron, 
alumina, chromium, lime, magnesia, potash, silicic and carbonic 
acids, and traces of manganese, and sulphuric acid. 
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A white cr3^stalline mineral resembling dolomite is associated 
with the mariposite. It consists of the carbonates of calcium, 
magnesium, and iron in varying proportions. The iron is gener- 
ally present in large amounts, forming that variety of dolomite 
called ankerite, and giving rise to the red oxide so abundant in the 
surface decay. The iron at times may nearly or quite disappear, 
forming dolomite, or the calcite may be so nearly lacking that It 
becomes magn^site. These minerals form the great mass of the 
vein matter at points where the lode is so enormously expanded, 
as at the Josephine mine, the vicinity of Coulterville, Piiion 
Blanco, Quartz mountain. Whisky hill, Baw Hide mine, Carson 
hill, and Chili creek. 

The most interesting fact connected with these minerals as they 
occur in the vein, is their relation to the character of the inclosing 
walls. It is very rare that any vein matter is associated with the 
quartz when the walls of the fissure are slate, diorite of* diabajBe, 
but it is almost always present when one wall is serpentine, or 
when serpentine lies only a short distance away ; hence, it is 
natural to believe that there is some relation between the walls and 
the vein matter. A basic rock, such as that must have been from 
which the serpentine was derived, undergoing decomposition, 
would afford opportunity for the liquids circulating through the 
fissure to abstract such bases as are found in mariposite and the 
dolomite or ankerite, and under the proper conditions to deposit 
them. This was my belief during a portion of the field work, but 
upon further study, in the laboratory, doubts began to arise as to 
the possibility of these minerals having been formed in that man- 
ner, — whether such immense fissures as those demanded by the 
amount of vein matter could have existed. If it be urged that the 
space between the walls need not have been so large at any one 
time, and during a gradual opening the filling kept pace, then, 
where are the signs shown in the structure of the deposit ? The 
vein matter is absolutely massive ; there is no trace of a banded 
or bedded structure, and it would seem necessary that such a 
structure should exist, to a greater or less degree, in deposits on 
the walls of a fissure, cither b}*^ reason of the successive additions, 
in which it would hardly be possible that the cun^ents would be 
uniform, or the conditions the same through protracted intervals ; 
or by successive openings and closings of the fissure, in which case 
more or less of the wall material would adhere to the matter de 
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posited, and thus cause a banded appearance. This is exemplified 
in vein quartz, which shows a slight banded structure even when 
massive, and in the division of most of the great quartz deposits 
into layers more or less thick, with talcose material between them. 
To account for the phenomena, I wish to advance an entirely dif- 
ferent theory, against which I do not see that any valid objection 
can be raised. It is this: That those portions of the lode so 
enormously expanded are simply coarse, basic dikes, of no great 
regularity or continuity, which, lying in the course of the fissure, 
have been acted upon in a peculiar way by the penetrating liquids- 
and gases. These, through metasomatic processes, have removed 
part of the original constituents and substituted others. A strong 
confirmation of this theory is found in a large body of unquestion- 
ably eruptive rock, near Jamestown, Tuolumne county, and about 
half a mile from the Mother Lode. It has ver}^ much the same 
appearance as the vein matter of the lodcj except that there is no 
mariposite. It is seamed with small veins of quartz and in surface 
decay produces the same red oxide of iron. The only real differ- 
ence is that the process of substitution is not so complete as in the 
Mother Lode. Dikes that have undergone a partial change often 
occur penetrating the Mother Lode vein matter, and at times 
they are slightly impregnated with mariposite. 

An additional reason for adopting this theory is found in the 
sudden and great expansion and contraction of the lode, as on 
Moccasin creek, where it widens from only a gouge seam to fifty 
feet in the course of a few rods. In a small vein, where the ex- 
pansion and contraction are only a few yards apart, the variation 
in width can easily be accounted for by a movement of the walls 
sufficient to bring two prominences or two hollows together. How- 
ever, this cannot be possible in the case of the Mother Lode where 
they are sometimes separated by only a gouge for a mile or more 
and then for a distance of half a mile spread to a width of several 
hundred feet 

Although it is rare to find any mariposite or ankerite where ser- 
pentine does not form one wall, yet there is an exception in the 
case of a long barren vein, which extends north from Oregon bar 
ten miles into Placer county. It has a width of forty feet, and 
contains these two minerals in large amount. * 

The veins of the Ipde dip, almost invariably a few degrees less 
than the inclosing rocks, and it is usual to find the foot wall rocks. 
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especially when slate, bent away from -the normal dip, correspond- 
ing with that of the vein ; hence, it is probable that the hanging 
wall has been pushed up. K this is the case it would indicate an 
upward strain along the mountain range which tended to relieve 
itself in the fissure of the lode. 

That the lode is a true fissure vein is amply proved by the 
universal presence of gouge seams. The movement of the walls of 
some of the fissures has been immense. This is made easy on ac- 
count of their length. The great width of ground-up wall rock 
and quartz, sometimes forty feet, indicates a long continuance of 
the movement, probably more or less oscillatory, and with a 
general rise of the hanging wall. The greatest depth to which the 
lode has been opened (twenty-two hundred feet) shows no weaken- 
ing of the vein or deterioration of the ore. It is not likely that 
any great degree of heat would be encountered at any depth that 
could be reached, for thus far no increase in temperature has 
been noticed. 

In studying the occurrence of gold and its ores in the Mother 
Lode, no relation has yet been found to exist between the char- 
acter of the walls and the poverty or richness of the quartz. It 
is recognized that a vein lying at the contact of two dissimilar for- 
mations is more regular, and that the mineral contents are more 
easily distributed than in one lying in a formation which does not 
easily afford a regularly defined fissure. 

I do not believe that in the case of the Mother Lode, the min- 
eral character of the walls has influenced the deposit ; that is, in 
the sense of the mineral contents having been derived directly 
from them. The mines of the lode are equally rich whether in 
slate or at the contact of slate with diabase, diorite, or serpentine ; 
and poor mines may be found with any of these conditions. 

I do not think that any combination of wall rock will insure a 
rich vein, but that the deposit of the metallic particles is depend- 
ent more upon certain chemical reactions taking place in the solu- 
tions or vapors circulating in the fissure. This is proved by the 
fact that of two veins lying side by side in the same mine, one may 
be ])arren while the other constitutes the pay rock. What appears 
as walls on the surface or at any depth which can be reached is no 
indication whatever of the character of those deep-seated portions 
from which the circulating fiuids abstracted their mineral contents. 

The real conditions are certainly complex, differing greatly in 
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different locations ; the same character of ore is rich in one spot 
and poor in another, without any apparent reason for it 

Any one mining district is apt to be characterized by certain 
peculiarities, and a study of these is the best guide to go by in 
that district but they may be misleading in another. 

Very little that is new can be said concerning the age of the 
metamorphic rocks inclosing the lode. The range of opinion has 
been ver}'' great T. S. Hunt would carry them back as far as the 
Huronian, while O. F. Becker believes them to be of the same age 
as the Knoxville group of the coast range, that is Neocomian or 
lower Cretaceous. The rocks have been generally classed as Ju- 
rassic on account of the presence of one or more species of the 
genus Aucella. This genus has a narrow range, not being known 
earlier than the Jurassic. It has been found in abundance in 
strata of the coast range, proven to be Neocomian, hence, doubt is 
thrown on the generally accepted belief. Some other fossils have 
been found in the slates but none so characteristic as the Aucella. 

Triassic as well as Carboniferous fossils have been found in the 
northern Sierras, but no one has yet been able to correlate these 
formations, either limestone or slate, with similar formations in 
the middle Sierras. The evidence of fossils recently found in 
limestone in Tuolumne and Calaveras counties is supposed to favor 
the Carboniferous rather than the Jurassic. The fossils are few 
and quite fragmenlal, and it seems to mc that the evidence is not 
yet sufficient to classify the limestones of the middle Sierras as Car- 
boniferous. As far as all observations have yet been carried there 
has been found no unconformity in the sedimentar}' rocks of this 
region ; they appear to have been tilted up en masse. 

Whitney says that a carefully constructed section along the line 
of the Central Pacific Railroad furnished no proofs of folds. Since 
limestone occurs on both sides of the Mother Lode how can it be 
possible that it should be Carboniferous while the black slates of 
the lode are Jurassic or Neocomian ? If we suppose a downward 
fold the slates might occupy the center and the strata on either 
hand be similar, the older, farther away. 

The dip of the rocks is nearly alwa^^s at a high angle toward the 
mountain range. From every appearance I believe this represents 
not simply a tilting up but an overthrow. This being the case, 
the younger strata should be found in the lower foothills, the 
older, higher up. 
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The relative ages of the strata, inclosing the Mother Lode, caa 
be ascertained with some accuracy. Of the five most common 
rock species : slate, diabase, serpentine, granite and syenite, the 
slate is the oldest, and all the others have been intruded through 
it after its elevation. It has been pushed aside and more or less 
broken by each of the others, and frequently portions are inclosed 
in the crystalline masses. 

Of the two, serpentine and diabase, the former though repre- 
senting the extreme stage of decomposition, is the younger. The 
proof of this may be found in the intrusion of a long, narrow dike 
of serpentine through the diabase of mount Bullion. The age of 
all the diabase dikes is proximately the same, judging from their 
lithological similiarity, position, and the amount of d3'namical 
metamorphism undergone. 

It is difficult to account for the great amount of conglomerate 
which almost always forms a part of the diabase. It has been 
shown conclusively that it is not of sedimentar}- origin, b}' the 
presence of amygdules in the matrix as well as in the pebbles. It 
has not the character of a friction -breccia for it does not always 
appear near the edge of the dike, and the greater portion of it con- 
sists of rounded pebbles, the fragments of petrosilex alone being 
angular. Neither is it possible that the fragmental character is 
the result of a surface outburst, for the portions exposed at present 
were perhaps thousands of feet below the surface at the time of 
the intrusion. It must then have resulteti from the breaking up, 
at a great distance below the surface of a body of previously ex- 
isting diabase, the fragments of which were moved about in the 
molten mass till rounded. The presence of diabase pebbles in the 
sedimentary rocks can only be accounted for by the supposition of 
the existence of a body of diabase previous to the present one. • 

The age of the granite is certainly less than that of the slates 
and probably less than that of the serpentine ; not only are the 
contact phenomena well illustrated in the outburst of the granite 
through the slates but the serpentine is bent out of its normal 
position so that it forms nearly a semicircle. 

The large areas of gneiss lying east of the lode are undoubtedly 
of metamorphic origin. In them the bedding planes represent 
those of the original sediments. The gradual change of these 
gneisses into an uncrystalline schist, and their correspondence in 
dip and strike to the schists are also strong evidences of such aa 
origin. 
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It may be seen from the foregoing statements that the crystal- 
line rocks must be younger than the slates, and hence it is de- 
cidedly erroneous to classify them as Archaean. The granite 
cannot be considered metamorphic, for whatever was its original 
condition its present one is that of a truly eruptive rock. 

The formation of the Mother Lode is the final event in the 
history of these rocks. No dikes intersect it and the fissure has 
broken through all the formations that lie in its path. 

The alterations which the rocks have undergone are remarkable. 
The pressure created during the mountain making movements has 
been the chief factor in producing this result. The rocks are 
nearly all laminated, the exceptions being the granite and portions 
of the serpentine and diabase. 

The coincidence of the original bedding of the clastic rocks, 
with the schistose structure produced by pressure is a source of 
great difficulty in distinguishing their origin. This is quite re- 
markable in the case of the black slates in which it is shown, by 
the position of the fossils, that the cleavage has not been superin- 
duced by pressure but is that of tlie original sedimentation. It is 
likely that a far greater portion than is usually supposed of the so- 
called metamorphic rocks are really eruptive. 

No detailed microscopic examination of the Mother Lode rocks 
has yet been made, however some general facts have been eluci- 
dated. The feldspar of the granite and some of the dikes is com- 
paratively fresh, but with these exceptions the decomposition is so 
great that it is impossible to determine the species of plagioclase 
feldspar or distinguish it from orthoclase. Distinctly orthoclase 
feldspar appears only in small amounts even in the granite. While 
the rocks as a whole are equally remarkable for the almost entire 
absence of quartz. In but few instances was there noticed any 
tendenc}' toward the separation of distinct feldspar crystals in the 
diorites or diabases. In the diabase the augite is almost always 
present in idiomorphic crystals. They exhibit a beautiful zonal 
structure and in their decomposition are bordered by fibrous green 
hornblende. The greenish matrix is decomposed and indefinite 
in character. The hornblende of the diorites does not usuall}' 
appear in well-formed crj'stals. 

The serpentine always shows its derivation from a former crys- 
talline rock. It is not certain what the character of that rock was, 
though from traces of a bronzy lustre in the former pyroxene 
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crystals it is inferred that the rock was related to the norites. In 
one case strongly marked transitions from the ordinary diabase to 
serpentine was observed. Olivine has been detected only in very 
small amount 



HISTORY OF LAKE AGASSIZ. 

By Warren Upham, Somerville, Mass. 
From Part E. of the annual report of the Qeol. and Nat. Hist. Sor., Canada, 1888-89. 

II. 

The foregoing observations show that the ice-sheet was melted 
away from at least half of the area of lake Agassiz during its 
Herman stages. During the ensuing Norcross, Tintah, Campbell, 
and McCauIeyville stages, through which the lake continued to 
outflow southward by the river Warren, the recession of the ice 
doubtless permitted it to extend north and east beyond lake Win- 
nipeg and along the lower valley of the Saskatchewan. Each of 
these stages is represented by two or three beaches in northern 
Minnesota and North Dakdta and in southern Manitoba, which, 
with the seven beaches of the Herman series, make seventeen 
shore lines recognizable in that part of the lacustrine area belong, 
ing to the time of its southern outlet Between the Herman and 
Norcross beaches the channel of the river Warren was eroded 
about 25 feet; it was deepened 15 to 30 feet more at the time of 
the Tintah beaches ; 10 to 20 feet farther down to the Campbell 
beaches ; and again 10 to 20 feet to the McCauIeyville beaches. 
In all, the mouth and southern end of the lake were lowered about 
100 feet between the highest Herman beach and the lowest Mc- 
CauIeyville beach. Proceeding northward, the vertical distance 
between these beaches gradually increases to 240 feet on the inter- 
national boundary, the diflference of 140 feet more than the de- 
pression caused by erosion of the outlet being attributable to the 
northward rise of the land and subsidence of the water-level. 

Before lake Agassiz could obtain an outlet to the northeast, the 
thick ice-sheet that had filled the basin of Hudson bay was so far 
melted as to admit the sea, which at first covered the land west of 
James bay 350 to 500 feet above the present sea level. Eleven 
stages of lake Agassiz are marked by beaches that lie below the 
beds of lakes Traverse and Big Stone, which were the channel of 
the river Warren when the lake ceased to outflow to the south. 
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These beaches are separated by vertical intervals that vary from 
10 to 45 feet through the range of elevation between the lowest 
McCauleyville beach and lake Winnipeg, which was originally 
twenty feet higher than now. As soon as the ice upon Hudson 
and James bays and the adjoining country had so receded as to 
give to lake Agassiz an outlet lower than the river Warren, it 
began to be drained in that direction, perhaps flowing at first across 
the water-shed between the Poplar and Severn, ancl later along 
lower courses, including the canoe route by the Hill and Hayes 
rivers. Each of its successive outlets was probably eroded to a 
considerable depth, being occupied by the outflowing river during 
the time of formation of two or more beaches, until the retreat of 
the southeastern border of the portion of the ice-sheet remaining 
west of Hudson bay Anally permitted drainage to take the course 
of the Nelson, the ice^lammed lake Agassiz being thus changed 
to lake Winnipeg. The northeastern outflow commenced when 
the lake at the latitude of the south end of lake Winnipeg stood 
about 1,000 feet above the present sea level, and it was gradually 
lowered to 730 feet when the Nelson between its successive lakes 
began to erode the shallow channel of the upper part of its course. 
Fossils have been found in the deposits of lake Agassiz at two 
localities. They are all fresh-water shells of species now living in 
this district, occurring in beach ridges where excavations have 
been made to obtain sand for masons' use. The Campbell beach, 
about six miles southwest of Campbell, Minnesota, at an elevation 
approximately 985 feet above the sea, has thus yielded shells of 
Unto ellipsis Lea, a common species of the upper Mississippi re- 
gion. In the Gladstone beach, a half mile northeast of Gladstone, 
Manitoba, about 875 feet above the sea and 165 feet above lake 
Winnipeg, four species occur in considerable abundance from two 
to four feet below the surface, namely, Uhio hueolus Lamarck, 
Sphcerium striatinum Lam., Sphcerium sulcatum Lam., and Gy- 
raulus parvus Say. These species from both localities were 
kindly determined by Prof. K Ellsworth Call, who states that 
Unio luteolus is one of the most widely distributed representatives 
of the genus, its range being from Lake Winnipeg to Texas, east 
to New York, and west to Montana. It is generally abundant in 
Minnesota. Both these species of SpJuerium are reported by Dr. 
Dawson from the Lake of the Woods and Pembina river ; and the 
first is the most common species of its genus in Minnesota, while 
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its range northward extends at least to Great Playgreen lake and 
York Factory, where it has been collected by Dr. Bell. The 
Campbell beach was formed in the later part of the time of the 
lake's southward outflow ; and the Gladstone beach belongs to the 
middle portion of the time of its outflow toward the northeast, its 
south end being then about 85 miles south of the international 
boundary. 

Evidences of man's presence in this region during the departure 
of the ice-sheet have been discovered by Miss Franc E. Babbitt at 
Little Falls in central Minnesota. A stratum containing many arti- 
ficially chipped fragments of quartz is enclosed there in the modified 
drift of the upper Mississippi vallej', which was deposited by the 
floods supplied from the melting ico-sheet in its retreat while it was 
being withdrawn from northern Minnesota and the Red River val- 
ley-. * It seems probable therefore that men lived on the shores of 
lake Agassiz and witnessed the erosion of the channel of the 
river Warren, the gradual lowering of the lake level and reduction 
of its area, and its later northeastward outflow to Hudson bav. 
But this is not left wholly to conjecture, for Mr. Tj'rrell informs 
me that in northwestern Manitoba, at an elevation of 1,135 feet 
above the sea, he has found sharp-edged fragments of quartzite, 
Chipped by human workmanship, intcrbedded with the rounded 
gravel of one of the Campbell beaches, t 

If the question be asked how many thousand years ago did the 
recession of the ice-sheet take place, causing lake Agassiz to fill 
the Red River vallej- and the basin of lake Winnipeg, a reply is 
furnished by the computations of Prof. N. H. Winchell, % that ap- 
proximately' 8, 000 years have elapsed during the erosion of the 
postglacial gorge of the Mississippi from Fort Snelling to the falls 

* Proceedings of Am. Assoc, for Adv. of Science, vol. xxxii, 1883, pp. 
385-390; American Naturalist, vol. xviii, pp. 594-605, and 697-708, June 
and July, 1884 ; and Proc. Boston Soc. of Natural History, vol. xxiil, 
1888, pp. 421-449. 

f Preliminary notes of this discovery, and of the northwestward con- 
tinuation of the beaches of Lake Agassiz in the district of Riding and 
Duck Mountains, are included by Mr. Tyrrell in a paper, ''On the Su- 
perficial Geology of the Central Plateau of Northwestern Canada, read 
before the Geological Society of London, Nov. 7, 1888, of which an ab- 
stract is given in the Geological Magazine, III, vol. vi, pp. 37-38, 
Jan., 1889. 

X Geology of Minnesota, Fifth annual report, for 1876 ; and Final re- 
port, vol, ii, pp. 313-341. Quart. Jour. Geol. Soc, vol. xxxiv, 1878, pp. 
«86-90L 
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of Saint Anthony ; of Dr. Andrews,* that the erosion of the shores 
of lake Michigan, and the resulting accumulation of dune sand 
drifted to the southern end of that lake, cannot have occupied 
more than 7,500 years; of professor Wright, f that streams trib- 
utary to lake Erie have taken a similar length of time to cut their 
valleys and the gorges below their water-falls; of Mr. Gilbert, t 
that the gorge below Niagara falls has required only 7,000 yean 
or less ; and of Prof. B. K. Emerson, || on the rate of deposition 
of modified drift in the Connecticut valley at Northampton, Mas- 
sachusetts, from which he believes that not more than 10,000 
years have elapsed since the glacial period An equally small es- 
timate is also indicated by the studies of Oilberti and Russell** 
for the time since the last great rise of lakes Bonneville and La- 
hontan. These measures of time, surprisingly short whether we 
compare them on the one hand with the period of authentic human 
history or on the other with the long record of geology, carry as 
back to the date when the icensheet of the last glacial epoch was 
melting away from the basins of the upper Mississippi, of the 
Bed river of the North, and of the Laurentian lakes. 

The entire departure of this ice-sheet therefore probably occu- 
pied at the most not more than two or three thousand years ; and 
half of this time may measure the duration of lake Agassiz, with 
the formation of its beaches marking more than twenty-five suo- 
cessive s);ages in the concurrent subsidence of its surface and rise 
of the earth's crust, which amounted together to 700 feet on the 
latitude of the north part of Duck mountain and the middle of 
lake Winnipeg. But even these short estimates may be too long. 
The shores of lake Michigan, similar with those of lake Agassiz 
in the drift of which the}'' are formed, in their north and south 
trends, and in the adjoining depths of water, have suffered an 

* Transactions of the Chicago Academy of Sciences, vol. ii. James 
C. SouthalPs Epoch of the Mammoth and the Apparition of Man upon 
the Earth, 1878, chapters xxii and xxili. 

t Am. Jour. Scl., Ill, vol. xxi, pp; 120-123, Feb., 1881 ; The Ice Age In 
North America, 1889, chapter xx. 

X Proceedings, Am. Assoc, for Adv. of Science, vol. xxxv, for 1886, 
p. 222. "The History of the Niagara River,** Sixth An. Rep. of Com- 
missioners of the State Reservation at Niagara, for 1889, pp. 61-84. 

I Am. Jour. Sci., Ill, vol. xxiv, pp. 404-5, Nov., 1887. 

j U. S. Geological Survey, iSecond annual report, p. 188. 

** U. S. Geological Survey, Monograph XI, G^logical History of Lake 
Lahontan, p. 273. 
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amount of erosion by the lake waves during postglacial time which 
very far exceeds the total erosion that was effected upon the shores 
of lake Agassiz during all its stages, the proportion between them 
being surely not less than ten to one ; and lake Michigan has a 
similarly greater amount of beach deposits, which upon a large 
area about its south end are raised by the wind in conspicuous 
dunes. This contrast indeed suggests that the duration of lake 
Agassiz, and the recession of the ice-sheet from lake Traverse to 
the lower part of the Nelson river, may have been included within 
less than one thousand years. 

Before lake Agassiz began to exist, the receding Minnesota and 
Dakota ice-lobes had each given place to a large lake on the central 
part of the area from which they withdrew. By the barrier of the 
Minnesota ice-lobe a lake having an elevation of about 1,150 feet 
above the sea was formed in southern Minnesota in the basin of 
the Blue Earth and Minnesota rivers, outflowing southward by way 
of Union Slough to the East Fork of the Des Moines. In its 
maximum extent this lake probably had a length of 160 miles, 
from Waseca to Big Stone lake, with a width of forty miles in 
Blue Earth and Faribault counties, attaining an area of more than 
3,000 square miles. The continued glacial recession afterward 
opened lower outlets eastward to the Cannon river, and at the 
time of the Waconia moraine had uncovered the lower part of the 
Minnesota valley, permitting the lake to be wholly drained north- 
eastward to the Mississippi.^ The modified drift from the retreat- 
ing ice on the upper Minnesota basin was deposited along the 
lower half of this valley, filling it with stratified gravel, sand and 
clay, to a depth 75 to 150 feet above the present river from New 
Ulm to its mouth, which shows that at least this portion of the 
valley was excavated in the sheet of till during the interglacial 
epoch, and remained with nearly its present form through the 
later glaciation. It seems also probable that the upper part of 
the channel above New Ulm, occupied by the river Warren at the 
time of the Herman beaches, remained from such interglacial ero- 
sion, so that the first outfiow from lake Agassiz was at a level 
some twenty-five feet below the general surface adjoining lakes 
Traverse and Big Stone and Brown's valley, being thus approxi- 
mately marked by the Milnor beach, t As long as streams poured 

* Geology of Minnesota, vol. i, pp, 460, 622, 642. 

t Compare with Geology of Minnesota, vol. i, pp. 479-485, describing 
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into this valley directly from the melting ice-sheet, its modified 
drift, gathered from the ice in which it had been held, continued 
to increase in depth ; but when the ice had retreated beyond the 
limits of the Minnesota basin, the water discharged here from 
lake Agassiz brought no modified drift, and was consequently a 
most powerful eroding agent. By this river Warren the valley 
drift, so recently deposited, was mostly swept awa}^ and the chan- 
nel was excavated to a depth lower than the present river. But 
since lake Agassiz began to outfiow northeastward, the Minnesota 
valley and that of the Mississippi below, carrying only a small 
fraction of their former volume of water, have become consider- 
ably filled by the alluvial gravel, sand, clay and silt, which have 
been brought in b}' tributaries, being spread for the most part 
somewhat evenly along these valleys by their floods, t 

Prof. J. E. Todd supplies me the approximate outline of a lake 
named b}' him lake Dakota, which occupied the valley of the 
James or Dakota river contemporaneously with the foregoing, 
reaching from Mitchell 170 miles north to Oakes and varying from 
10 to 30 miles in width.! It outflowed southward by the present 
course of the James to the Missouri. The Dakota ice-lobe, which 
had filled this valley and in its recession fonned the northern shore 
of lake Dakota, was not therefore the cause of this lake in the 
same way that the lake in the Blue Earth and Minnesota basin and 
lake Agassiz owed their existence to the barrier of the ice-sheet 
in its retreat The bed of lake Dakota has a nearly uniform ele- 
vation of 1,300 feet, or is within ten feet below or above this, 
throughout its length ; and during the glacial recession it was cov- 
ered by a lake whose shores have now a height of about 1,300 to 
1,350 feet, probably ascending slightly from south to north, as 
compared with the present sea level. Professor Todd states that 
the surface of this lacustrine area in its southern part, from 
Mitchell to Eedfield, is nearly flat till, but thence northward is 
sand and loess-like silt, while considerable tracts of the eastern 
border of its north part consist of low dunes. 

the chains of lakes in Martin county, Minnesota, which are apparently 
due to interglacial water-courses that were not wholly filled with drift 
in the last glacial epoch. 

t *'The Minnesota Valley In the Ice Age," Proc. Am. Assoc, for Adv. 
of Science, vol. xxxii, 1883, pp. 213-231; also in Am. Jour. Sci.. Ill, vol. 
xxvii, Jan. and Feb., 1884. 

X This lake is partially mapped by Prof. Todd in Proc. Am. Assoc, for 
Adv. of Science, vol. xxxili, 1884, p. 393. 
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The outflowing James river was cutting down its channel during 
the retreat of the ice-lobe, and its erosion was so rapid as to pre- 
vent the northern part of lake Dakota from retaining sufficient 
depth to outflow eastward into the south end of lake Agassiz 
when the way was opened by the further departure of the ice, re- 
ceding from the Head of the Coteau des Prairies and beginning to 
uncover the Red River valley. A large tract of the sand and silt 
beds of lake Dakota, and of a contiguous glacial lake formed in 
Sargent county, North Dakota, at the time of the Dovre moraine, 
now sends its drainage to the Red river by the head stream of the 
Wild Rice, which passes north of the Head of the Coteau and en- 
ters the area of lake Agassiz near Wyndmere. The lowest portion 
of the water-shed on this lacustrine deposit, over which the James 
river would flow east to the Wild Rice river is scarcely ten feet 
above the general level of the James valley or twenty-flve feet 
above the present level of the James river, being at Amherst on 
the Aberdeen branch of the Saint Paul, Minneapolis and Mani- 
toba Railway, 1,312 feet above the sea. The elevation of the 
upper portion of the lake beds in the vicinity of Oakes, and the 
lack of evidence that the lake waves have acted at any greater 
height upon the adjoining surfaces of undulating till and morainic 
hills, lead to the conclusion that the highest shore line of the 
north end of lake Dakota is not more than 1,345 feet above the 
sea, showing that there was only a shallow expanse of water above 
the plain of lacustrine silt On the north the depth of the dhan- 
nel of the inflowing James river, eroded apparently before the 
glacial retreat could permit an eastwai*d outlet into lake Agassiz, 
indicates that the surfaces of land and water in the James valley 
had gained nearly their present relations, lake Dakota being al- 
ready drained away, when the Wild Rice river and the south end 
of the Red River valley were uncovered by the recession of the 
ice-sheet It is evident, therefore, that the long area of lake 
Dakota has experienced only slight differential changes of level, 
at least in the direction from south to north, since the departure of 
the ice. The James River valley is thus strongly contrasted with 
the northward uplifting that has affected the Red River valley as 
shown by the beaches of lake Agassiz, the highest of which rises 
from south to north about six inches per mile for 30 or 40 miles 
at its south end, but a foot or more per mile within 40 miles far- 
ther north, and indeed has an average northward ascent of about 
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one foot per mile through an extent of 400 miles along the west 
side of this lake in North Dakota and Manitoba. 

As lake Agassiz gradually extended to the north, following the 
receding ice-barrier, it received successively by three outlets the 
drainage of the glacial lakes of the Saskatchewan and Souris 
baains. These streams took the course of the Sheyenne, Pembina, 
and Assiniboine rivers, each bringing an extensive delta deposit 
With the first retreat of the ice from the Missouri Coteau a glacial 
lake began to exist in the valley of the South Saskatchewan in the 
vicinity of the Elbow, probably outflowing at an early time by the 
way of Moose Jaw creek, and through a glacial lake in the upper 
Souris basin, to the Missouri near Fort Stevenson. Later the out- 
flow from the lake Saskatchewan may have passed to the lake 
Souris by way of the Wascana river, after passing through a gla- 
cial lake which probably extended from Regina sixty miles to the 
west in the upper Qu*Appelle basin. When the Dakota ice-lobe 
was melted back to the vicinity of Devil's lake, the drainage of 
lake Souris passed southeast by the Big Coulee, one of the head 
streams of the Sheyenne, flowing thence for some time southward 
by the James river to lake Dakota, but later eastward and south- 
ward by the Sheyenne into lake Agassiz. A manuscript report 
of a reconnoissance in North Dakota by major W. J. Twining, 
in 1869, describes the valley of Big Coulee as 125 feet deep and a 
third of a mile wide, enclosing several shallow lakes along its 
course. «* This great valley, " he writes *< preserves its character 
to within twelve miles of the Mouse [Souris] river and connects 
through the clay and sand ridge with the open valley of that 
stream." 

The Sheyenne delta, reaching from the Lightning's Nest fifty 
miles northwest to the south bend of the Maple river, and having 
a maximum width of nearly thirty miles to the northeast from the 
south bend of the Sheyenne, probably covers an area of 800 square 
miles to an average depth of 40 feet A large portion of this 
delta is doubtless modified drift, which was brought down by 
glacial streams from the melting surface of the ice-sheet, their 
coarser gravel with much sand being deposited in the high plains, 
that slope southward along the outer side of the great moraines 
that pass south of Devil's lake, their finer gravel and sand being 
carried by the Sheyenne to this delta, and their finest silt and clay 
being spread in the quiet water of the lake over a much larger ad- 
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joining area of its bed, from near Breckenridge, northward be3'ond 
the mouth of the Sheyenne. Much alluvium was also supplied 
from the erosion of the Sheyenne valley, which, with that of the 
Big Coulee, probably averages three fourths of a mile in width 
and 150 feet in depth along a distance of 200 miles. This chan- 
nel is cut in the drift sheet, mainly till, and in the underlying 
easily eroded Cretaceous shales. The volume of the material sup- 
plied from it would be equal, according to these estimates, to about 
three fourths of the Sheyenne delta, or perhaps to three eighths of 
both the delta and the finer clayey sediments that were deposited 
farther out in the lake. But the valley of the Sheyenne was doubt- 
less also both a preglacial and an interglacial valley. It was pix>b- 
ably wholly filled with till in the first glacial epoch, then was 
eroded, chiefly in this drift, to nearly its present size during inter- 
glacial time, and was partially but perhaps not wholly refilled with 
till in the last epoch of glaciation. If it retained in considerable 
degree its trough-like form beneath the last ice-sheet, as was evi- 
dentl}' true of the Minnesota valley, its erosion and its tribute to 
the Sheyenne delta would be less than the proportion estimated. 

When the bed of lake Agassiz was gradually uncovered fi'om 
the water of the receding lake, some parts of its central plain 
through which the Red river flows probably remained as broad, 
shallow basins of water, which that river and its tributaries have 
since filled with their fine clayey alluvium. The similar clayey 
silt brought into lake Agassiz by its delta-forming affluents, the 
Buffalo, Sand Hill, Sheyenne, Pembina, and Assiniboine rivers, 
and others farther north, has been spread over large areas of the 
lake bed, but more extensive portions had a surface of till, with 
no such lacustrine deposit. Over these formations, much alluv- 
ium has been laid down along the avenues of drainage of the old 
lake bed, and it has filled depressions of the original surface, 
whether of lacustrine sediments or of till, being only distinguish- 
able from the former by its containing in some places shells like 
those now living in the shallow lakes of the country adjoining the 
area of lake Agassiz, remains of rushes and sedges and peaty de- 
posits, as of the present marshes of the Red River valley, and 
occasional branches and logs of wood, such as are floated down by 
streams in their stages of flood. Thus the occurrence of shells, 
rushes and sedges in these alluvial beds at McCauleyville, Minne- 
sota, 32 and 45 feet below the surface, or about 7 and 20 feet be- 
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low the level of the Red river, of sheets of tarf , many frag- 
ments of decaying wood, and a log a foot in diameter at Glyndon, 
Minnesota, 13 to 35 feet below the surface, and numerous other 
observation of remains of vegetation elsewhere along the Red 
River valley in these beds, demonstrate that lake Agassiz had 
been drained away, and that the valley was a land surface, sub- 
ject to overflow by the river at its stages of flood when these re- 
mains were deposited. * Even at the present tifne much of the 
area of stratifled clay that almost continuously forms the central 
part of the valley plain is covered by the highest floods and prob- 
ably no portion of it is more than ten feet above the high water 
line of the Red River and its tributaries. The position of the 
thick beds of flne silt and clay in the central depression of the 
Red River valley shows that they were not mainly deposited by 
the waters of lake Agassiz, which must have spread them some- 
what equally over both the lower and higher parts of the lacus- 
trine area ; but instead appears to prove that at least their upper 
and greater part was brought by the rivers which flowed into this 
hollow and along it northward after the glacial lake was with- 
drawn. 
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cess to the ilium of Camptosaurus, 

62. WOODWARD, A. S. Vertebrate Palaeontology in some 

American Museums. Qeol. Mag. 3, vol. vii, Sept, 1890, 
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Inst of New FormSy as Described in the Memoirs of the fore- 
^oing List 

NOTE. — ^The author recognizes the undoubted synonymy of some 
genera and species in the following list, but as some of tliese have been 
brought to the notice of the public, no comment or reference, whatever, 
to any particular case, is here made; indeed, such reference would 
hardly be in proper place in a bibliography or list of new forms. The 
list, therefore, contains some forms represented by two names. 
Adocvus pundatus Msh. {Cretaceous of New Jersey. {34. 

Allurodon com^pressus Cope. Loup Fork Miocene. 8. 

Amblyaspis, gen. nov. Traq. 

A, acadicus Wh. Devonian of Canada. 48. 
Barosaurus gen. nov. Msh. 

B, lentus Msli Atlantosaurus beds of Dakota. 32. 
Bra4ih;\tP8€Lli8 gen. nov. Cope. 

B. pachycephalvs Cope. Loup Fork of Nebraska. 10. 
Cephalaspis lati4:epa Traq. Devonian of Canada. 46. 

C. whUeavesi Traq. Devonian of Canada. 46. 

Ceratops {Hadrosaurus) patusidens 

Msh. Laramie of Montana. 32. 

Claosaurus gen. nov. Msh. 

C. {Hadrosaurus) agilis Msh. Pteranodon beds of Kansas. 30. 

Colodon gen. nov. Msh. 

2 Locality or formation. 

t Refers to number of memoir in above list 
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C hacaJtus Msh 
DiploctoniM gen. nov. Msh. 
JD. amplvs Msh. 
'Emya euglypha Leidy. 
FeUs maxima Scott. 
Olyptodon aeptervtrUmalis Leidy. 
Glyptops gen. nov. Msh. 
O. omatus Msh. 
Qyracanthu8 incurvus Traq. 
Hippotherium, princepa Leidy. 
Hyopotamu8 dejlectua Msh. 
Limnnhyopa gen. nov. Msh. 
L, latlcepa Msh. 
Machairodus florldanvs Leidy. 
Mastodon rugoaidens Leidy. 
OmUhomlmiLs gen. nov. Msh. 
0. velox Msh. 

PhlycUBnius gen. nov. Traq. 
P. axioMcus Wh. 
Pteropelyx gen. nov. Ck)pe. 
P. grallipes Cope. 
JR?iinoc67Y)9 longipea Leidy. 
Stenogale rohvsta Cope. 
TeZeodtcs gen. nov. Msh. 
T. aim« Msh. 
7V9ttido brontops Msh. 
T. cra«*tectitata Leidy. 
TVocTiodon longiceps Msh. 
Triceratopa proraiw Msh. 
T. «erratu« Msh. 
T. ntlcotiur Msh. 



Brontotherlum beds of Dakota. 3$ 

Brontotherium beds of Dakota. 33. 

Florida. ♦1889. 19. 

Loup Fork of Kansas. 43. 

Florida. ♦1889, 19. 

Atlantosaurus beds of Wyoming. 34. 

Devonian of Canada. 48« 

Peace Creek, Fla. 23. 
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Ceratops beds of Colorado. 32. 

Devonian of Canada. 46. 

Laramie of Montana. 7. 

Peace Creek, Fla. 23. 

Loup Fork of Nebraska. 10. 

Brontotherium beds of Dakota. 33. 

Lower Miocene of Dakota. 34. 

Peace Creek, Fla. 21. 

Laramie of Wyoming. 30. 

Ceratops beds of Wyoming. 32. 

Ceratops beds of Wyoming. 32. 

Ceratops beds of Wyoming. 30. 



HAS "NEWARK" PRIORITY AS A GROUP NAME. 

Bt Iskabl C. Russbll, Washington. 

In a brief paper on the Newark system published in this journal 
about two years since,* I proposed a revival of *< Newark" as a 
group name for the reddish-brown sandstones and shales and asso- 
ciated trap rocks of the Atlantic coast region, which had previously 
been quite generally referred to the Triassic and Jurassic. A long 
list of names was presented that had been used to designate the 
rocks in question ; nearly all of which implied correlation with 
European terranes, ranging from the Silurian to the Jurassic. The 

♦Vol. 3, 1889, pp, 178-182. 

♦ Am. Geol. 5, April, 1889, p. 251. 
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advisability of adopting a name that did not indicate relationship 
with distant formations was also pointed out The first name on 
the list referred to, which met this requirement was, <* Newark 
group," proposed by W. C. Redfield, in 1856. That this was a 
group name intended to indicate the entire formation, is shown by 
the language used. Bedfield's words are : 

< < I propose the latter designation [Newark group] as a conven- 
ient name for these rocks [the red sandstones extending from New 
Jersey to Virginia] and to those of the Connecticut valley, with 
which they are thoroughly identified by foot-prints and other fos- 
sils, and I would include also, the contemporaneous sandstones of 
Virginia and North Carolina. "* 

As stated in my previous paper, the term << group" has been 
adopted by the International Congress of Geologists, in a wider 
sense than was implied by Redfield. I therefore suggest that 
<< system" should be substituted instead. Before offering this 
suggestion I made what I believe to have been an exhaustive ex- 
amination of the literature relating to the terrane in question, and 
concluded that Redfield's name had precedence over all other 
names that had been used which did not imply correlation. 

The term Newark system has recently been adopted by several 
geologists, in accordance with my suggestion, and up to the pres- 
ent time but one voice has been raised against it. In an article 
on <<The use of the terms Laurentian and Newark in geological 
treatises," published in this Journal, t Prof. C. H. Hitchcock has 
formulated five objections to its acceptance. These will be con- 
sidered in the order in which they were presented. 

First It is claimed that < ' An essential feature of a name de- 
rived from a geographical locality is that the terrane should be 
exhibited there in its entirety or maximum development ; " and that 
the territory about Newark, N. J. , does not meet these require- 
ments for the Newark system. 

Without dissenting from the wisdom of the rule proposed, al- 
though a large number of exceptions could be found to it in the 
best geological memoirs, I wish to state from my own knowledge 
that the region about Newark may be taken as typical of the ter- 
rane named after that city. The characteristic reddish-brown 
sandstones and shales are there well exposed, and in the neighbor- 

* Am. Jour. Sci., 2d ser. 1856, Vol. 22, p. 357; also in Am. Assoc. Adv 
Sol. Proc, Vol. 10, Albany meeting, 1856, p, 181. 
t Vol. 5, 1890, pp. 197-202. 
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ing Newark mountains, the associated trap rock occurs in sheets 
of great thickness. This statement is sustained by Prof. Hitch- 
<x>ck's own words, a little farther on in the paper cited, where he 
says <<the New Jersey terrane possesses the distinguishing feat- 
ures of the Trias, quite as well as the one in New England. " 

That Passaic would have been a better name as Prol Hitchcock 
suggests, is perhaps true, but the one before us was definitely se- 
lected and has priority. 

Second. It is stated by Prof. Hitchcock that the name << (Con- 
necticut or Connecticut River sandstone has priority over Newark," 
and was used by several geologists before Redfield's proposal in 
1856, << though none of them had proposed it as a geological 
term. " The admitted fact that no one had used the name referred 
to as a geological term, relieves me of the necessity of Bho?ring 
that Redfield's name has priority. 

In the writings of the older geologists, among whom Prof. Ed- 
ward Hitchcock will always take the first rank as an investigator 
of the sandstones of the Connecticut valley, the terms < < Connecti- 
cut sandstone " or << Connecticut River sandstone," were used in 
the same sense as the coordinate term I have just employed, i. e», 
«s a geographical designation ; just as they might have referred 
to the granite of Masachusetts without any intention of proposing 
a group name. The fact that the older geologists, and among 
them Prof. Edward Hitchcock, spoke of the Newark rocks of New 
England under definite group names, implying correlation, is suf- 
ficient evidence that they did not recognize the value of an inde- 
pendent name. 

Third, It is stated that Prof. J. D. Dana adopted the name 
proposed by Redfield, in his lectures, but did not use it in his sub- 
sequent writings. Prof. Dana's reasons for this course have never 
been published, and so far as it is a precedent — happily prece- 
dents have less weight in geology than in some other professions — 
it indicates that we should first use the name Newark and then 
abandon it for other names implying indefinite correlation with dis- 
tant terranes. 

Fourth and Fifth, While it is admitted that the terrane under 
discussion is quite as well represented in New Jersey as in the 
Connecticut valley, it is claimed that the latter having been studied 
first, should have furnished the group name. I fully agree with 
Prol Hitchcock in this, and could add several other group names 
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^hich to my taste might be improved, but the author of a geolog- 
ical name, like the palaeontologist who describes a new fossil, is en- 
titled to priority. To attempt to introduce a new name for a group 
of rocks already sufficiently well designated, would only bring 
confusion, similar to that produced by the great variety of names 
implying correlation, that have already been used for the Newark 
S3*8tem. 



THE POST ARCHAEAN AGE OF THE WHITE LIME- 
STONES OF SUSSEX CO., N. J.» 

Frank L. Nason, New Brunswick, N. J. 

I. 

Early in the year 1888, during the progress of my work on the 
Geological Survey of New Jersey, I was at Franklin Furnace for 
nearly two weeks. While there my attention was attracted by 
what I supposed to be boulders of gneiss in the white limestones. 
I also noticed the outcrop of sandstone, which appears on the 
north side of the Furnace pond. 

My curiosity'' was excited and farther search showed other local- 
ities as interesting as these. The result was that the idea of these 
white limestones being the metamorphosed <<Blue" first suggested 
itself to me. I was then ignorant of the attention which this sub- 
ject had attracted in the past, and supposed that I was the origi- 
nator of the idea. Further study showed me m}' error, but I 
determined to satisfy myself on the subject, especially as it seemed 
to me that the question in whatever light it was regarded had 
never been fully settled. 

The first paper of consequence, bearing on this subject, appears 
in the << Journal of the Academy of Natural Sciences of Philadel- 
phia,'' 1822. The authors, Keating and Vanuxem, have a paper 
on the < * (Jeology and Mineralogy of Franklin, in Sussex count}', 
N. J." In this paper the writers offer no proof of the Archeean 
age of this limestone, though as will be seen, the idea is strongly 

* This paper deals only with the principal work that has been done in 
this area and a part of Warren county, and also a part of Orange county, 
N. Y. The full results of this work are recorded In the reports and 
papers quoted. 

The more recent work by the writer is published in the Annual Report 
of the State Geologist of N. J., for the year 1890. 

IS 
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advocated, save the following : A rock which they call sienite, 
but which cannot be limited to the altered sandstone or to the 
eruptive granite (since, according to them, it partakes of the 
nature of both) occurs in beds or layers. These are parallel to 
the strike of the white limestones. These beds also, according to 
the writers, dip S. E. with the limestones at an angle of 80*. 
Subordinate to the sienite they place 1st limestone, 2d gneiss, 3d 
queenstone (whatever they mean by it). The sienite, limestone, 
gneiss, and greenstone, are all evidently regarded by them as 
being of sedimentary origin. Since the greenstones are described 
by them as being derived from the sienites by an increase of 
amphibole and a dimunition of feldspar, the greenstones are of 
limited extent 

It is admitted that although the limestones are subordinate to 
the sienite, sienite is interstratified with the limestone. 

It is noted by them that the principal minerals are found in the 
sienite in cavities, or at least near to the sienite. They also ob- 
serve that in the grauwacke and the limestone overlying it there 
is present <<fluate of lime of a pale violet color, which is 
found in small cavities in the limestone, and appears to have been 
d!ormed by infiltration into it as well as the rocks under it It 
cannot, therefore, serve to connect these rocks with the sienite in 
the limestone of which it has also been found, or to prove them to 
have been of cotemporaneous origin, as some geolc^ists have sup- 
posed; but this hypothesis is in direct opposition to the fact 
which we have previously mentioned of its being found resting 
upon the upturned edges of the sienite." 

I quote their words to show the nature of the proof which they 
advance. Their proof of difference in time of deposition of the 
blue and the white limestones, rests upon unconformability. This 
unconformability is shown by pointing out that while the white 
limestones lie under the sienite, or are interstratified with it, the 
blue limestones and the grauwacke lie upon the upturned edges of 
the sienite. The inutility of this argument is at once apparent 
when it is pointed out that an eruptive granite has been confused 
with a foliated and bedded rock of a wholly different nature. 

They failed to find fossils either in the blue limestone or in the 
grauwacke, though they have since been found. 

The next important paper which I have succeeded in finding 
bearing upon this subject is the *^ Report on the Grcological Survey 



W?dte limestones of Sussex Co.^ N. J. — Nason. 243 

• 

of New Jersey, " Philadelphia, 1836. Whether, during the four 
teen years which elapsed between the publication of the paper just 
quoted and this report of Prof. Rogers, this question was can- 
vassed and the drift of scientific opinion set in favor of Prof. 
Rogers, I cannot say. Certain it is, however, that Prof. Rogers 
in this report calmly takes his position for granted and describes 
all of these limestones under the name of Formation II. There 
are numerous papers in the earlier volumes of the American 
Journal of Science, by Nutall, Pierce, Shepard and others, and 
these men seem to favor Prof. Rogers. 

In these papers, the region under discussion is referred to as 
the *' transition series.'' No special mention is made of the white 
limestones but they appear to be included in the same category as 
the rocks of the Green pond, Bearford, and Bellevale mountains, 
and the blue limestones of the N. W. border. 

Prof. Mather, as will be shown later on, seems to adopt this 
view, but ascribes to Thomas Nutall the credit of first expressing 
the opinion that the blue limestones and the white limestones are 
cotemporaneous in origin. 

In the American Journal of Science, vol. v., pp. 247-248, 
Nutall describes the rocks near Fowler's house at Franklin as 
follows : 

< < The crystalline calcareous rock which alternates with granit- 
ines of feldspar and quartz, or with beds of sienite granite, dis- 
appears, and a confluent grauwacke, almost perplyritic, and 
cotemporaneous apparently with the other formations, appears 
directly overlaid by a bed of leaden, minutely granular, secondary 
limestone, containing organic remains of the usual shells and oor- 
alines, and layers of blackish hornstone or petrosilex. This rock, 
as well as the grauwacke beneathy presents disseminated crystals of 
blue fluate of lime. In the limestone the cavities are sometimes 
very numerous, and lined both with pseudomorphous masses and 
cubes of blue and white fluate and quartz crystals. 

'* Thus we have, " continues the writer, ** here before us, as at 
lake Champlain, the novel and interesting spectacle of a union 
of every class of rocks, but passing decidedly into each other as 
if almost cotemporaneous " I 

Nutall's position is thus clearly defined though he makes the 
usual mistake of supposing the so-called sienite to be of sedimen- 
tary origin. 
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On page 112 of his report, Prof. Rogers first makes mention of 
the associated limestones and sandstones, and as he calls it, 
sienitic gi*anite. He however is a little ambiguous for he speaks 
of it as a bed of sienitic granite of the usual composition of the 
gneiss of this region, which dips eastward with the other beds, 
i. e. the white limestones, gneiss and sandstones. 

He speaks of the scarcity of organic remains but states that he 
found madrepores in proximity to the flinty nodules in the 
limestone. 

He says nothing in this report of his idea of the cotemporaneous 
origin of the white and blue limestones, but as he describes this 
altered under the head of Formation II, one is at a loss to decide 
as to what his attitude was on the question. 

His section through this point, though, shows the blue lime- 
stone and sandstones dipping N. W. , the gneiss, beds of frank- 
Unite and altered limestone or marble with veins of quartz and 
sienite dipping S. E. Then the blue limestone which is again 
represented as dipping N. W. 

His only marked error in this section is in representing the 
blue limestone as keeping its N. W. dip to Hamburg Mt , whereas 
the N. W. dip is in a short distance succeeded by a S. E. dip, and 
then the reappearance of the white limestone which reaches nearly 
to the mountain to the east. 

In the ** Final Report on the Geology of N. J.," published in 
1840, on pp. 47 to 67, Pi-of. Rogers describes the limestones of 
Formation II. In these pages the geological features are outlined 
with such boldness and fidelity to fact as to awaken in one the 
feelings of profoundest admiration for one who could accomplish 
so much with the limited time and means at his disposal. Under 
the title "Formation II," Prof. Rogers describes in detail the blue 
limestones, ** called in N. J., magnesian, in N. Y. calcif erous. " 

In these pages he makes no special mention of the white lime- 
stones, but from the locating of isolated patches of Formation IT, 
especially in the low water shed between the Musconetcong and 
the Wallkill rivers, it becomes very evident that there is no shadow 
of doubt in his mind but that the two limestones are cotempora- 
neous in origin. 

It is under the heading of «» Igneous Rocks Connected with For- 
mation II," that all ambiguity is removed and his position is 
clearly and positively defined. That there may be no possibility 
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of mistake, either in the understanding of his words with regard 
to Formation II or confusion as to localit}', I quote from him ver- 
batim: **The blue limestone of the Kittatiny valley, exhibits, in 
certain localities, some highly impressive and remarkable phenom- 
ena of alteration of structure, induced by the heating agency of a 
series of igneous injections. 

»*The altered bands of the rock may be grouped into two distinct 
belts ranging from N. E. to S. W. parallel to the general strike of 
all of the strata in this quarter of the state. The more north- 
eastern of these belts occupies, at intervals, the valley which lies 
immediately at the foot of the Hamburg or Wallkill Mt. , through- 
out nearly its whole length, keeping usually towards its northwest- 
em margin, or near the base of the Pochuck Mt , and the belt of 
hills in its prolongation to the S. W. namely, the hills north of 
Franklin, Pimple hills and the hills north and west of Sparta and 
Lockwood. The northeastern tract first shows itself at Mts. Adam 
and Eve, in New York, about five miles beyond the state line, and 
has its southwestern termination in the neighborhood of Lock- 
wood. 

<*Over this whole distance, though the altered material exhibits 
considerable diversity in regard to the imbedded minerals which it 
contains, yet the main mass of the rock, or the calcareous paste 
investing them, remains to a great extent, of a uniform character 
as to structure and color. '* Farther on he makes mention of the 
coarsely crystalline limestones in the following manner. * * When 
destitute, or nearly so, of the extraneous minerals often diffused 
through it, the prevailing condition of the rock is that of a white, 
perfectly crystalline limestone. An extreme degree of develop- 
ment of the crystalline structure had assumed the condition of 
rhombic calcareous spar. " 

* < It is often then semitranstucent, but more frequently it is of 
an opaque white and occasionally of a pink hue, resembling some- 
what reddish feldspar. These varieties may be regarded as the 
altered rock under its most characteristic features, and are to be 
viewed as exhibiting the limit of alteration of which the limestone 
has been susceptible by igneous action, when it has been pure 
or consisted of little else than carbonate of lime. When of such 
aspect and structure the mineral most usually disseminated through 
it is plumbago^ in small brilliant plates, often perfectly hexagonal. 
Beside this highly developed crystallization, it presents every grada> 
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tion of crystalline structure down to a finel}' granular one, and 
even to what may be termed the subcrystalline condition, when it 
often partakes of the color and texture of the blue limestone out 
of which all these varieties have originated. '* 

On pages 73 and 76 of this final report Prof. Rogers describes 
very minutely, two localities in which a change from the unaltered 
blue limestone to the highly crystalline limestone takes place 
within a distance of fifty feet. 

In one of these localities at Lion pond, now Roseville pond, 
there is a regular gradation from the S. E. First gneiss, second 
sandstone Formation I, third, blue limestone Formation II, pass- 
ing into the sandstones, and finally, the white crystalline lime- 
stones in contact with a dike of feldspathic sienite to which he 
ascribes the cause of alteration. 

Another very important fact recorded by Prof. Rogers (in this 
report, p. 74,) is the presence of the mineral chondrodite in these 
altered limestones. He notes that the abundance and perfection 
of the crystallization of this mineral bears a direct ratio to the 
crystallization of the limestone and this to the proximity to an 
igneous rock. 

I have thus briefly stated the outline of this report by Prof. 
Rogers. It will be seen that he committed himself unhesitatingly 
to the idea, first, that granites or sienites were eruptive ; second, 
that these eruptive rocks caused the metamorphism of the blue 
limestones, in places, to the highly crystalline white limestones 
of this region. 

It does not vitiate the truth of his observations in- this case, 
that he went still farther and assumed the eruptive nature, not only 
of the granites and greenstones, but of the magnetite iron and of 
the zinc ores of the highlands of Sussex count}' especiall}*. 

On this basis however he would have had hard work to account 
for the presence of sphalerite beds in the same limestone belt l)ut 
nearer the Delaware river. 

Even in this brief sketch it is very evident that, however bril- 
liant the conception of this idea of the metamorphism of the blue 
limestone ma}' have been, it was more in the line of geological spec- 
ulation, and he fell far short of proving his position, though in 
comparison with the recorded observations of Vanuxein and Keat- 
ing his demonstration is perfect. A careful reading of his whole 
report on this subject does little more than to multiply instances 



White limestones of Sussex Co,^ N. J, — Nason. 247 

without going into the details of the matter which an exhaustive 
and decisive treatment of the subject demands. 

JThis is not written in a spirit of hypercriticism but simply to 
account for the later adopting of the views advocated by Vanuxem 
and Keating, though the subsequent adoption of their views was 
based on errors as great as these geologists made. 

While Prof. Kogers was engaged in his work in New Jerse}*, 
Profs. Mather, Beck, and Emmons were engaged in a field in New 
York, very similar to the highland belt of New Jersey, described 
by Prof. Rogers. This is especially true of the field occupied by 
Prof. Mather. As is very well known, the crystalline region of 
southern New York is but an extension of the same belt from 
New Jersey. 

In the report of Prof. Mather, **(jeology of New York," part I, 
vol. iv, it is a little difScult to understand just what he means 
by a primary limestone, in which he very evidently believes, for in 
a foot-note, p. 464 of this report, he says : «* The true primary 
limestone here alluded to is the same that forms the second class 
of metamorphic limestones in this volume, and which is next to 
be described as the metamorphic limestones of the Highlands and 
west of the Hudson and of Washington county." 

The last paragraph of this same page, summing up the facts of 
the I division of metamorphic rock, reads as follows : 

** After reviewing all the facts observed both by others and by 
myself, I have been led to the conclusion, that the limestones that 
are frequently crystalline, white and variegated marbles in the 
western part of Vermont, Mass. and Conn., and in the eastern 
part of New York, from mount Washington to the city of New 
York (that have been described in this chapter) are Metamorphic 
Rocks — ^that they were originally the Moliawk limestones and Cal- 
ci/erous sandstones, and that the associated rocks were originally 
the Potsdam sandstone and the slate rocks of the Hudson valley; 
that they were in fact the rocks of the Champlain division, but 
much more altered and modified by metamorphic agency than the 
Taconic Rocks'' ! The italics and capitals are Prof. Mather's. 

On page 465 he describes the second class of metamorphic rocks 
(true primary ?) under the heading **II Metamorphic Eocks of the 
Highlands, and of Saratoga and Washington counties. " 

He spent about two weeks in 1828 and 1838 in the study of the 
white limestones in Orange county. New York, but having been 
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unfortanate enoagh to lose his note books, he quotes verbatim in 
many places the report of Prof. Rogers in the New Jersey geology 
and appears to adopt his views nnquestioningly. He also quotes 
from Dr. Horton and from Prol Shepard. 

Dr. Horton published his report in 1839 and from the fact that 
he is quoted by Prof. Mather, it would seem that the views of the 
two were in accord. 

That there may be no mistaking the position of Prof. Mather, I 
quote from his, p. 465 : "In Orange county, New Jersey, and in 
Sussex county, New Jersey, all the changes from the gray and 
blue limestone (Mohawk limestone and Calciferous sandstone of the 
New York reports and formation No. 2 of the Pennsylvania survey) 
can be distinctly traced into perfectly crystallized limestone, con- 
taining the various crystallized minerals; so that it is believed that 
most of those who will examine the rocks thoroughly, will admit 
that they are metamorphic. " 

The puzzling fact in these quotations, more puzzling in the 
report, is that he seems to regard the marbles, described in the first 
class of metamorphic, as younger and wholly distinct from the 
second class of metamorphic rocks in which he includes * * the true 
primary limestones. " Yet the Mohawk limestone, the Calciferous 
sandstone, and the Potsdam sandstone appear in each division. 

One thing is very evident, he believed thoroughly in metamor- 
phic action and regarded the white limestones of Orange county. 
New York and of Sussex county, New Jersey as excellent ex- 
amples of its efficiency. Yet it is also evident that if Prof. Rogers 
did little more than to state his belief, with little or no proof of it, 
Prof. Mather has done nothing more than to leave the question as 
he found it. From the time Prof. Rogers completed the geological 
survey in New Jersey, in 1837, up to 1854 no official work was 
done on the geology of the state. In 1854, however, the survey 
was re-organized by Dr. William Kitchell, as state geologist. 

His first report appeared in 1855. In this report he speaks of 
the crystalline limestones as metamorphic, but he includes under 
this head also, gneisses and hornblende slate. He recognizes the 
granites as true eruptive or igneous rocks and mentions their occur- 
ring in the form of intrusive veins and dykes, and farther notes 
that these are found, with one exception, in the metamorphic 
rocks, notably in the white limestones. 

In the annual report for 1855, p. 131, Dr. Kitchell again refers 
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to the white limestones. He now calls the rocks of the Highlands 
Azoic. His classification probably in an ascending series is ''1st 
gneiss; 2d hornblende micaceous, feldspathic, andquartzose schists; 
3d white crystalline limestones (saccharoidal marbles) interstrati- 
fied with seams or layers of magnetic ore (magnetite) and iron 
pyrites. " 

One has rather to guess at his position than to gain a positive 
idea from his statements. 

On pp. 138 and 139, however, he notes that when a knob or 
outcrop of white limestone occurs In the blue, it is always accom- 
panied by dykes of granite and other igneous rocks. He also notes 
the presence of an increased number of minerals. On page 142 
Dr. Kitchell writes in such a manner as to leave one in utter doubt 
as to his attitude on this question, unless he regards it as possible 
that rocks belonging to his metamorphic series might have escaped 
alteration and to have come down tocus almost wholly unchanged 
while others were highly modified. 

In speaking of the limestones of the southeast foot of Pochuck 
mountain, he says: *' There are portions (i.e. of the limestone) 
which are but partially altered ; the stone in part retaining its 
original color, but generally containing impurities. Other portions 
still are of a blue color, containing here and there a little calcite, 
in which there is considerable plumbago. In the parts which are 
but slightly altered, the texture ranges from compact to subcrys- 
talline ; and in those which are more completely changed, from 
sub-crystalline to that which is completely crystalline, thus pass- 
ing by regular gradations from ordinary blue limestone to that 
which is highly metamoi*phic. " Rogers nowhere made a stronger 
statement than this and yet Dr. Kitchell distinctly classifies these 
white limestones with the gneisses. 

As was before remarked the only avenue of escape from a flat 
contradiction in the same report is through the avenue which was 
suggested, namely, considering that the blue limestones as well as 
the white belonged to the same metamorphic series. Dr. Cook, 
however, who was Dr. Kitcheli's assistant, cuts off even this 
avenue of escape, for in his (Dr. Cook's) report for 1868 he 
says: — 

* * The true position and identity in age of the crj-stalline lime- 
stone and gneiss was proved by Vanuxem and Keating, in 1822, 
and this view has been sustained by all the observations of Dr. 
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Kitx^hell and his assistants, and can easily be verified by any one 
who will visit the localities cited in this report " 

I offer these quotations as matters of fact rather than of criti- 
cism, for Dr. KitcheU's really valuable work was terminated by 
his death in 1861, and it is hardly fair to criticise adversely', a 
man's incomplete work. 

During the year 1862, mainly through the efforts of Dr. Cook, 
the survey was re-organized with Dr. Cook a£i state geologist. In 
the first report of 1863 Dr. Cook states his position most unam- 
biguously. On p. 7 of this report he sa^^s : — **I have endeavored 
to make plain and indeed to demonstrate a number of points which 
were not clearly settled in the first survey. Thus the commonly 
received opinion that the white limestones of Sussex are the same 
as the blue limestone only changed in color and structure by heat, 
is clearly shown to be erroneous by the sketch of a locality near 
Franklin Furnace, where the two rocks are shown to be totally 
distinct from each other, one of them being in layers which dip to 
the southeast while the other lies upon the upturned edges of the 
former and dips to the northwest" 

As it is recorded the observation is faulty in the extreme. The 
two rocks are nowhere seen to be in contact and the blue lime- 
stone lies upon the upturned edges of the gneiss only and not 
near the white limestone. 

North of the Furnace pond the white limestones dip S. E. The 
next outcrop is granite, and the next is an outcrop of blue lime- 
atone which dips N. W. and in which fossils, Obolella crassa, and 
graphite, were found as well as numerous oolites. This limestone 
is called blue or unaltered, dips N. W., and cannot therefore «*lie 
upon the upturned edges of the white." 

In the report for 1864, Dr. Cook again briefly refers to the 
white limestone rock «* which Is found interstratified with the 
gneiss rock, along the entire N. W. border of the Highlands of 
Warren and Sussex counties." In an accompanjring section he 
shows that he considers the rock **Azoic." 

In 1868 Dr. Cook published a very exhaustive report on the 
<* Geology of New Jersey. " In this report, the chapter on the 
Azoic Formation has a very important statement bearing on this 
subject, and I quote the opening paragraph of this chapter in full : 
<* Under this division are included the gneiss rocks, the crystalline 
limestones and the beds of magnetic iron ore. There has been some 
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uncertainty in many minds in relation to the age of these rocks, 
it being thought by many that they were of the same age as the 
blue or magnesian limestones, only changed b}* mctamorphic 
action, and that the passage from one to the other was a ver}' 
gradual one. Prof. Rogers in his Final Report on the geologj' of 
New Jersey, pp. 61-80, under the head of ** Igneous rocks con- 
nected with Formation II," discusses the changes induced upon 
the Blue limestones by igneous action and assumes that all the 
white or crystalline limestones are made from the Blue limestones 
by the action of heat which has been applied by the agency of 
dykes of granite. 

In regard to the crystalline limestones he was mistaken. They 
are everj'where conformable to the gneiss and interstratified with 
it. This mistake is acknowledged by his former assistant, J. P. 
Lesley, in the American Joiunal of Science, vol. 89, p. 221. The 
true position and identity in age of the crystalline limestone and the 
gneiss, was clearly proved by Vanuxem and Keating in the < * Jour- 
nal of the Academy of Natural Sciences " in 1822, and this view 
has been sustained by all of the observations of Dr. Kitchell and 
his assistants, and can easily be verified by any one who will visit 
the localities cited in this report." 

This defines the position of Dr. Cook on this question. His 
opinion is evidently not founded so much upon personal investi- 
gation and observation as upon the reports of others. His proof 
hangs upon the extremely attenuated thread of conformability, 
which is even in this case more apparent than real, and upon the 
confusion attendant upon the use of the term ** gneiss." This 
opinion Dr. Cook held up to the day of his death. The errors of 
Vanuxem and Keating I have already pointed out. With regard 
to Prof. Lesley's acknowledgment of the error of Prof. Rogers 
this much only can be said : He simply announces his belief casu- 
ally in repl}' to a criticism on Prof. Rogers* work by Hall and 
Logan, that Prof. Rogers was in error. His belief appears to 
rest upon a misunderstood statement, published in the American 
Journal of Science, 1861, vol. 82, p. 208, by Dr. Cook. As 
Prof. Lesley quotes Dr. Cook **he (Dr. Cook) has seen horizontal 
Potsdam sandstone or Calciferous beds overlying these upturned 
Franklin limestones." 

In the first place, these beds are not horizontal, but dip steeply 
to the N. W. ; In the second place, they rest upon the gneiss of 
Franklin furnace and are nowhere near the white limestone. 
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From 1868 to 1886 no special mention was made of the white 
limestones. The question was practically settled. In 1886 how- 
ever, Dr. Britton, in his classification of the rocks of New Jersey, 
showed clearly that the idea of the Archaean age of these lime- 
stones had grown in strength with the lapse of years. In this re- 
port, «< State Geological Survey, 1886," pp. 77 to 83, he again 
groups the cr}'sta]line limestones in the Archaean. His grounds 
for this are not new : — interstratification with gneisses and con- 
formability. 

This brings the history of the question as to the age of the 
white limestones of the Northwest border up to date, so far as 
New Jerse}'^ is concerned. It will be seen, I think without doubt, 
that there is absolutely no proof offered which seems to establish 
the opinion that these limestones are Archaean ; on the other hand, 
Prof. Rogers recorded enough of evidence to establish their post 
Archaean age, or at least to have kept the question open. 

In the comments which I have made I have endeavored to point 
out the errors of the older writers as well as to again record their 
more valid observations. 



THE MOVEMENT OF lOE ON MINNESOTA LAKES. 

By £. H. Atwood, St. Cloud, Minn. 
The present winter has been a favorable one for studying the 
causes of the ice movement upon the numerous lakes in Minne- 
sota. Eesidents of this state are familiar with the sight of the 
upheavals of the ice upon our lakes, and to those dwelling in the 
vicinity of lakes the roaring of the ice during the changes of 
temperature is of so frequent occurrence that but little notice is 
taken of it The absence of snow upon the ice exposes it to the 
weather, and as it is as sensitive to changes of temperature as & 
thermometer the present winter has caused an unusual movement. 
There are but few if any lakes in Minnesota where the conditions 
are so favorable for studying the ice movement in all its different 
relations as can be found upon Pearl lake, situated in Maine 
Prairie township. A recent visit to that beautiful sheet, of water 
found the ice crowding with tremendous force upon the southern 
shore. Along this shore are situated numerous springs where 
the water oozes up through the gravelly bottom, which prevents 
the ice from freezing to the bottom and sides. As there are no 
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springs on the northern side the ice freezes firmly to the bottom 
and sides, consequently when the ice expands it moves in the di- 
rection of the least resistance, which in this case is to the south. 

Having studied the ice movement upon this and other lakes for 
many years in temperatures ranging from 40® above to 40® below 
zero, I find that ice after it has once formed into a solid body is 
subject to the same law which governs other bodies ; that is, that 
heat expands and cold contracts. The question naturally arises, 
if heat expands the ice in a certain direction why does it not con- 
tract to its first position when the temperature falls to its first de- 
gree of cold ? The correct solution of this question will show the 
true principle of the glacial movement, which has been so little 
understood by scientific men of all ages. To explain the move- 
ment of the ice in one direction, let us begin of a bright morning 
with the ice on the lake, say 20 inches thick and the temperature 
10° below zero. Remember that while the temperature is 10° be- 
low on the top side of the ice, the bottom lies upon the water 
with an unchanging temperature at or near 32® above zero. As 
the sun comes up and its ra^^s strike the ice, the temperature rap- 
idly rises, causing the surface of the ice to expand, while the 
temperature of the lower surface remains the same. As the 
lower ice cannot stretch to keep up with the expansion of the up- 
per surface, iimumerable cracks will be formed on the under sur- 
face, some reaching part waj- through the ice and a few clear 
through. These cracks are wedge-shaped, like the capital letter A. 
They immediately fill with water and freeze, thus forming so much 
new ice and preventing contraction when the temperature falls. 
This movement will continue as long as the temperature rises, ac- 
companied by a roaring and cracking sound like a fierce battle, 
the ice meanwhile crowding upon the shore, often 12 to 15 inches 
a day. About 4 o'clock p. m. the temperature begins to fall and 
the top of the ice to contract, while the lx>ttom remains station- 
ary. The contraction of the top causes V-shaped cracks to form 
from the top downward, the new ice which had filled the A-shaped 
cracks in the bottom preventing the body from resuming its first 
position. These cracks from the top fill with water and freeze un- 
til the next morning, when we have a body of ice which has been 
•enlarged by the action of both heat and cold, and as the morning 
sun shines upon its surface the same process of expansion and 
-contraction and the formation of new ice goes on. 
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Pearl lake is about one and one-third miles in diameter and the 
ice has been known to crowd up on the shore over 40 feet in three 
months when clear of snow, which would average 5 to 6 inches a 
day. But when covered by a few inches of snow the ice will re- 
main stationary all winter, because the snow is a non-conductor 
and prevents the changes of temperature from affecting the ice. 
Although the movements of the ice in the existing glaciers of the 
world have been studied by the most scientific men of the age and 
many theories have been advanced as to the cause, it seems plain 
to me that there can be but one cause, viz. : contraction by cold and 
expansion by heat ; and the fact that ice remains inactive when so 
covered as not to feel the changes of temperature goes to prove 
that were the temperature to remain uniform for any length of 
time in the region of a glacier its movement would cease. 



NOTES ON THE GEOLOGY OF THE SOUTHWEST. 

Bt Robert T. Hill, Austin, Texas. 

Gold in Indian Territory, — The occurrence of gold in the In- 
dian Territory has been the cause of periodic mineral excitements 
for several years. The writer has had occasion during the past 
year to examine the regions wherein the gold occurs. There are 
two of these, one near Tishomingo in the Chickasaw Nation and 
the other in the Wichita mountains upon the Comanche Reserva- 
tion. In both localities the conditions are favorable for mineral 
deposits, consisting of igneous contacts of granite and eruptive 
material with numerous veins and faults, accompanied by large 
deposits of debris derived from them, sufficient to warrant investi- 
gation for placer deposits, in the Tishomingo district at least 

The just rights and well founded opposition to investigation of 
the present Indian proprietors prevent any careful exploration, 
while even reconnoissance is accompanied by danger. 

The mineral resources of Texas are the subject of considerable 
inquiry owing to recent official promulgations from the office, of 
the state geologist concerning the occurrence of tin (cassiterite) 
platinum, and lengthy communications in the press of the state 
upon the value of the woody lignites and Eocene greensands. 
While it is apparent upon the face of these announcements just at 
the beginning of a session of the Legislature, that their purpose is 
not altogether scientific, it is to be doubted if it is a wise policy 
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for the popular mind to be enthused with visions of mineral 
possibilities that do not exist, or at least have not been practicably 
demonstrated. The quantity of platinum found in a specimen of 
inexact locality was a single fragment less than a pin head — suffi- 
cient however to justify a scientific investigation. The same can 
be said of the tin ore, which so far as yet known exists only in 
quantities sufficient for mineral curiosities. The experience of 
hundreds in Mississippi, Alabama, Arkansas and Texas, has 
shown the commercial impracticabUity of the lignites for fuels, 
while the Tertiary greensands fully studied by Hilgard have never 
been adapted to agriculture. There are inany valuable materials 
in Texas however for economic development Rich chalk and 
Cretaceous marls and greensands, gypsum, and probable phos- 
phate beds occur. Her vast coal fields have never been looked 
into by a competent expert, except in the interest of private par- 
ties. Superb building stones and structural material await devel- 
opment, while the conditions for manufacturing improved artificial 
Portland cements — such as America is now entirely dependent 
upon Europe for — exist in the chalk districts of Texas in marvel- 
ous quantities. In the rarer minerals, the state is exceedingly 
rich, but in nearly every case where investigated these have proved 
of little quantity, except in the Trans-Pecos region where there 
are undoubtedly valuable silver districts. 

In the small Paleozoic area of the Burnet district from which 
the overlying Cretaceous beds have been eroded there is a greater 
diversity of rare minerals than in any spot in America, over thirty 
of the known chemical elements including many of the rarer ele- 
ments such as yttrium, thorium, etc., having been found at a 
single locality (Barringer hill), by Dr. Edgar Everhart of the 
State University. 

The iron and mangenese ores of the state are of the greatest 
value, and are now being rapidly developed by private capital. 
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PerUomlc Plates of the Crinoids. By Charles Wachsmuth and 
Fraxk Springeu. (Proc. Acad. Nat. Sci., Phlla., 1890, with two 
plates.) The recent progress In crinoid morphology has been somewhat 
phenominal. Towards a better understanding of the phylogenetic 
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relationships of this attractive, yet rather anomalous, group of echino- 
derms paleontology has aided in no small degree. In fact it is due chiefly 
to a study of the fossil forms that the present advanced state of the sub- 
ject has been reached. And it may be truly said, in this connection, 
that no group of writers has done so much in this field as the American 
students of ancient life who have had occasion and good fortune to labor 
in the paleozoic horizons of the Mississippi basin. Among these ob- 
servers none have carried on such an extensive series of investigations 
and have obtained such marvelous results as Messrs. Charles Wachsmuth 
and Frank Springer, who have lately made another most valuable 
addition to a knowledge of the morphology of the crinoids. The results 
referred to are embodied in the memoir just issued, which may be well 
regarded as one of the most important contributions that has appeared 
since the days of J. S. Miller. 

The presentation treats chiefly of the structure of the ventral covering 
in the different groups of the crinoids ; of the plates between the rays ; 
and of the relations those hold to one another and to those of the tegu- 
ments. Hitherto it had been supposed by some authors that the disk, 
-or that part enclosing the visceral cavity, was, in many, if not all, of the 
paleozoic crinoids covered by a second integument, which was wanting 
in later and recent forms. As to the plates between the rays all writers 
have discriminated between "calyx" and **disk" Inter-radials ; the 
former term being applied to the massive, well-formed ossicles of the 
paleozoic crinoids ; the latter to the small irregular perisomic pieces of 
later species. The calyx inter-radials, except those of the Apiocrinidae, 
were thought to be followed by a vault, the others by a disk. The 
studies of Messrs. Wachsmuth and Springer led them to suspect that 
these assumptions were not altogether correct; and a careful investiga- 
tion seemed -to indicate that all plates lying between the rays and their 
subdivisions are parts of the same element; and that therefore the so- 
called ** vault," as a distinct structure, has no place in crinoid morphol- 
ogy. It is also shown that, in paleozoic times, the rigid integument such 
as is found in the later Camarata gradually became evolved from the 
thinly plated disk of the earlier forms and that the heavy plates between 
the rays are exaggerated perisomic plates. By a comparison of the 
various Camarata it is found that during the Silurian the ventral surface 
in the majority of cases was composed of small irregularly arranged 
pieces ; that these increased in size during the Devonian ; and in the 
Carboniferous attained great prominence and rigidity, as is best shown 
by the Batocrinites and Actinocrlnites. All stages of transition between 
the two extremes are readily traced. In regard to the ambulacra obser- 
vations show that these features may be tegminal or subtegminal, even 
•among the forms of the same genus; and that they are more frequently 
exposed In the earlier crinoids. Among the latter the covering pieces 
are smaller, more regularly arranged and not so highly differentiated as 
in the later species. In this respect the resemblance to recent forms is 
very striking ; and except for the sutural union of the various plates 
and the closure of the mouth and food-grooves the conditions of the 
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plates In the two groups would be nearly identical, at least in a large 
number of cases. From a comparison of young and adult individuals It 
Is further assumed that in the former the ambulacra are often exposed 
near the margin of the tegumen while in the latter they are entire- 
ly subtegminal. Thus the tegminal ossicles encroach from each side 
of the ambulacra and finally close above them, crowding the ambu- 
lacral skeleton inward. The so-called radial dome plates which were 
always regarded as true vault structures are shown to be merely greatly 
modified covering pieces. 

Other crinoidal groups are also taken up. In the Fistulata no vault 
is recognized, but all the plates between the ambulacra and between the 
radials are considered as perisomic. In most species the ventral sac is 
porous, while in others there is in front of the inflation a perforated 
plat« like the madreporite of the urchins. The Larviformia which are 
now restricted to forms with the ventral surface made up of orals only, 
without any perisomic pieces. From these observations the authors 
conclude "that there is everywhere but one integument covering the 
body ; that the ventral pavement, although undergoing various modifi- 
cations in geological times, is a disk" and that all crinoids, recent and 
fossil, are constructed substantially on the same plan. All plates lying 
between the rays and also between the ambulacra are therefore to be 
considered as perisomic pieces. 

The second part of Messrs. Wachsmuth and Springer^s paper is de- 
voted to the anal plates of crinoids ; and is to a large extent a reply to 
Mr. F. A. Bather's recent article, in the Annals and Magazine of Natural 
History for April, 1890, on the origin and development of the anal 
plates of the Fistulata. This author regarded the Fistulata as having 
two distinct anal plates, the so-called "radianal" or azygous piece and 
the ^^brachianal" or special anal plate. As to the former, the authors 
seem to be in accordance with the view that it is the lower section of the 
compound right posterior radial which in some groups performed anal 
functions. As to the second plate the two conceptions differ very essen- 
tially. Mr. Bather appears to think that the brachianal was primitively 
given off from an axillary, as a plate morphological by corresponding to 
an ordinary brachial, and that in the course of its geological development 
it changed its position and passed down from above, between the radials, 
to the basals. This is explained by an increase in the width of the ven- 
tral tube in later forms, which caused a sinking of that organ into the 
dorsal cup; and by the shifting of the radianal to one side from its 
position beneath the radial. Messrs. Wachsmuth and Springer under- 
take to prove that this theory is based upon a misinterpretation of the 
functions of certain plates. They show that the right posterior radial of 
loerlnw*, Heterocrinus and Hybocrlnus is no more an axillary than the 
radial of an Actinocrlntis^ which on its upper sloping face supports an 
ordinary inter-radial. They assert that there is no sinking of the anal 
tube, nor a shifting of the radianal, but that, in those forms in which 
a widening of the anal area has taken place, a new plate was introduced 
19 
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between the radials, and that the radianal does not change Its position, 
bat, when present, rests within the angle of two basals, thus showing 
that the one is radial, the other inter-radial in position. This plate, 
which in Iocrinu8 lies upon the radials, and which, in Poteriocrlnus, is 
said to have passed down to the basals, is a plate of the tube. 

Antiqultiea from UTider T*uolumne Table mountain in California. By 
George F. Beckeb. Bulletin, G. S. A,, vol. ii, pp. 189-200, with a 
plate, and one figure in the text; Feb. 20, 1891. If further evidence 
was needed, beyond that set forth by Whitney in *'The Auriferous 
Gravels of the Sierra Nevada of California," to prove the occurrence of 
human remains and stone implements in the deep placer gravels of that 
state, underlying basaltic lava, the demonstration is amply supplied in 
this paper. A mortar and pestle found by Mr. J. II. Neale, and a 
broken pestle found by the well known geologist, Mr. Clarence King, in 
the gravel under the basalt of Table mountain, Tuolumne county, are 
here figured ; and their perfect regularity of outlines and their polished 
(neolithic) character seem very surprising, as showing the skill at- 
tained by man before the great extension of the Sierra Nevada glaciers, 
which followed the outpouring of the lavas. After the date of these 
implements, the gravels were covered by the lava flows, displacing the 
streams, which have since cut cafions 2,000 feet deep below the top of 
Table mountain. Mr. Becker believes that the Callfornlan glaclatlon, 
subsequent to the basaltic lavas, was more recent than the glaciation of 
the northeastern states, and that certain Pliocene animals, whose re- 
mains occur In the same gravels, had survived to a late portion of tho 
Pleistocene or Glacial period. In the same manner, the Equus fauna, 
formerly supposed to be Pliocene, Is shown by Gilbert to have continued 
so late as to be contemporaneous with the second rise of lakes Bonne- 
ville and Lahontan, which was probably coincident with the latest 
Sierra glaciation. 

Notes on Vie early CretaceoiLS of California and Oregon. By Groroe 
F. Becker. Bulletin, G. S. A., vol 11, pp. 201-208; Feb. 20, 1891. 
That part of the Shasta group which Is extensively represented In the 
Coast ranges of California, containing Aucella and a few other shells, 
has been supposed to be older than Its part which has been studied near 
Horsetown, In Shasta county, containing Ammonites and numerous 
other fossils, but not Aucella. Beds recently discovered to be fosslllfer- 
ous at Riddles, Douglas county, Oregon, combine these faunas ; and 
they are also found together by Dr. G. M. Dawson In the Queen Char- 
lotte Islands. The Shasta beds In the Coast ranges and at Horsetown 
are therefore probably of the same age, which appears to be the Gault. 
With them are also to bo Included the Aucella-bearlng strata of the 
gold belt In the Sierra Nevada. The original plication and upheaval of 
the rocks forming that range, once thought to have occurred at the end 
of Jurassic time, are thus referred to the close of the Gault epoch In 
the Cretaceous period. 
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The relaticm of secular rock-disintegration to cerUtin transitional 
crystalline schists. By Raphael Pumpelly. Bulletin, G. S. A., vol. if, 
pp. 209-224, with four figures In the text ; Feb. 19, 1891. Pre-Cambrlan 
decay of the granitoid gneiss forming the nucleus of Hoosac mountain, 
in western Massachusetts, is shown to have led to the formation of the 
overlying conglomerate and gneiss, laterally continuous into quartzite 
in which Mr. Walcott has found Lower Cambrian trilobites. The depth 
of this ancient rock-clecay was probably similar to that now found upon 
all areas of feldspathic rocks in warm and moist regions, where^the sur- 
face has not been glaciated. During the folding and metamorphism of 
the Cambrian strata of the Hoosac and Green mountains,'there has often 
been produced an apparent transition and conformity with the Archsean 
gneisses and granites. The transition zone consisted below of j that 
part of the more or less disintegrated Archssaii which escaped denuda- 
tion during the subsidence of its land surface into the Cambrian sea, 
and above comprised the basal Cambrian conglomerates and other detri- 
tal beds formed by the erosion of the disintegrated rock. Lithologic 
gradation and parallelism of lamination from Cambrian to Archaean are 
found in this zone. Analogous observations are cited from the Adiron- 
dacks, the southern Appalachians, and Iron mountain, Missouri. 

The OeotecUmic and Physiographic Oeology of western Arkansas, By 
Artjiur Winslow. Bulletin, G. S. A., vol. ii, pp. 225-242, with a map, 
and nine figures in the text ; Feb. 26, 1891. This paper gives a very 
interesting general description of the stratigraphy and contour of a 
Carboniferous area lying on both sides of the Arkansas river and ex- 
tending from Ft. Smith 90 miles eastward. The greater part of the 
district has a nearly horizontal stratification or only gentle flexures. 
South of these are steep flexures, overturned folds, and faults, running 
from east to west, which the author ascribes to the time of the Appa- 
lachian revolution and to *'a trans-MississippIan extension of the same 
cause." Following Reade, this cause is thought to be the rise of the 
isogeotherms in a mass of very thick sediments. The resulting expan- 
sion of their lower layers would find room by flexure and plication, with 
upheaval ; and during this process superficial erosion would expose 
steeply inclined or compressed and inverted folds, the dips becoming 
steeper and the folds more appressed in proportion as the overlying 
weight diminished. 

Report upon the United States Geographical Surveys went of the one 
hUTulredth merldUin, In charge of Capt. George M. Wheeler, under the 
direction of the chief of engineers, U. S. Army ; vol, i. Geographical 
report, quarto, pp. 780. xxxviil plates and throe maps; War Depart- 
ment, Washington, 1889. 

This report, though made under date of June 1, 1879, when it was 
substantially completed, was not offered for publication till 1887, **from 
press of other duties and subsequent prolonged illness." Though it is 
the first in the series of seven volumes of Lieut. Wheeler's survey, it is 
the last to appear. Volume ii, Astronomy and Barometric Hypsometry, 
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was published In 1877; vol. Ill, Geologyi In 1875, with a "supplement" 
volume in 1881 ; vol. Iv, Paleontology, in 1877; vol. v. Zoology, in 1875 ; 
vol. vl. Botany, in 1878 ; and vol. vll, Archeology, in 1879. It Is need- 
less to say that this series of scientific survey reports embraces a vast 
amount of valuable information, and of the series, vol. i stands in that 
respect, second to none of them. 

This is strictly a geographical volume — L e, it defines the outlines of 
the topography, and illustrates it by several lithographic plates. The 
several expeditions of Capt. ( then lieutenant ) Wheeler, from 1869 to 
1879, are reported in general terms, showing that the parties engaged 
in them must have been very industrious to be enabled to construct the 
atlas sheets and to give the mass of scientific information of the country 
embodied in the former reports and maps of this survey. These de- 
scriptions are followed by eight appendixes which occupy pp. 229-765. 
These give latitude, altitude and longitude of prominent points west of 
the 100th meridian, description of the atlas sheets of the report, meth- 
ods of survey, notes on the survey and disposal of the public lands, and 
some considerations upon national government land and marine surveys. 
Appendix F contains a very valuable feature, being a ** memoir upon the 
voyages, discoveries, explorations and surveys to and at the west coast 
of North America and interior of the United States west of the Missis- 
sippi river, between 1500 and 1880, including later bibliographical and 
other references to determined latitudes, longitudes, and altitudes avail- 
able for the basis of the permanent official topographic atlas of the 
United States.'' In this memoir are shown reproductions of some old 
maps of North America, beginning with that of Benincasa of the island 
of Antilia, in 1463. It also shows that even as late as 1722 California 
(i. e. Lower California ) was considered an island in the Pacific ocean, 
its northern portion being called "New Albion." Following this is an 
<^pitome of the memoir prepared by Gen. G. K. Warren, of all the ex- 
plorations in the western portion of the United States, in 1857. The 
memoir in full is found in the Pacific Railroad Reports. The volume 
closes with a more full description of all later explorations by the Gov- 
ernment west of the Mississippi river between 1857 and 1880, by Capt. 
Wheeler, being a compend of great value for all students of the pro- 
gressive discovery and development of that part of North America. 
The last appendix embraces an account of tlie survey itself, giving its 
organization, administration, function, history and cost. 

Elements of Ocology. By Joseph LeConte. Revised and enlarged, 
w^ith new plates and illustrations, pp. 640. ( Now York : D. Appleton 
& Co., 1891.) This third edition of a widely used text-book will be wel- 
comed by multitudes of teachers and students. Within the eight and a 
half years since its previous revision, the science has made rapid prog- 
ress, both in the accumulation of new observations, and in their theo- 
retic co-ordination. Many portions of the book have received important 
additions or have been re-wrlttcn, including those which treat of the 
geologic work and history of rivers; the phenomena of earthquakes; 
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theories of coral reefs ; geologic causes of the present distribution of 
animals and plants; mineral veins, faults, and mountain-building; De- 
vonian fishes, and Carboniferous conifers; the origin of birds and mam- 
mals ; the Potomac, Comanche, and Laramie series ; the Tertiary mam- 
malian fauna of America; evidences of continental elevation during 
the Quaternary era, regarded as the probable cause of the glacial 
climate ; the Quaternary upheaval of the Sierra Nevada and Great 
Basin ranges ; terminal moraines and ice-dammed lakes ; and the most 
recent discoveries of human remains and implements, both in Europe 
and on this continent. 

A last word with the HuronUin, By Alexander Winchell. Bulle- 
tin of the Geological Society of America, vol. li, pp. 85-124, with a map 
and three figures in the text ; Fob. 5, 1891. Only two weeks before the 
death of Its dlstlugulshcd author, this brochure was issued ; and in the 
March number of the Geologist ( p. 199 ) his discussion of the progress 
of opinions held by American geologists concerning the Taconlc and 
Archaean rocks was noticed. Little did Dr. Wlnchell expect that liter- 
ally this essay would be his last utterance In the science which he had 
done so much to advance ! He was looking forward to the preparation 
of an elaborate treatise on the ancient metamorphlc rocks of the North- 
west, toward which these recent publications were as stepping-stones. 
The diverse uses of the name Iluronlan by Murray, Logan, Hunt, Irving 
and others, are stated, with comparisons of the areas where rocks re- 
ferred to this system are developed north of lake Huron and about lake 
Superior ; and the author adds notes of his personal observations In the 
vicinity of Echo lake, 15 miles east of Sault St. Marie. It is advocated 
that the name Huron Ian be retained for the quartzites, schists, and 
slate conglomerate, to which It was originally applied, unless it should 
be superseded by Taconlc as an earlier synonymous name ; but that a 
lower series of schists, conglomerates, and slates, to which the name 
Huronian has been extended, be distinguished as the Kewatian system, 
following Lawson*s classification, which Is based on explorations about 
the Lake of the Woods. 

The Nickel and Copper deposits of Sudbury district, Canada. By 
Robert Bell. With an appendix on The slicijled glass-breccUi of Ver- 
milion river, Sudbury district, by George H. Willla.ms. Bulletin, G. S. 
A., vol. ii, pp. 124-140, with four figures in the text ; Feb. 5, 1891. The 
recently discovered ores in the region about Sudbury, a station of the 
Canadian Pacific railway north of lake Huron, are in all cases a mixture 
chalcopyrlte and niokeliferous pyrrhotlte. They are found upon a tract 
about 70 miles long from southwest to northeast, with a maximum width 
of about 50 miles, occurring principally along fault-planes of diorite as a 
matrix of igneous injection between Its brecciated fragments. Nickel is 
confined to the pyrrhotlte, In which it Is usually present in the proportion 
of from 1 to 5 per cent. A remarkable volcanic glass-breccia of great 
thickness and extent, whose structure has been perfectly preserved by 
siliciflcatlon, is closely associated with the diorite. 
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ITie Overthrust Faults of the southern Appalachians. By C. Willard 
Hayes. Bulletin, 6. S. A., voL ii, pp. 141-154, with map and sections ; 
Feb. 9, 1891. Two thrust faults, partly coincident with planes of strati- 
fication, are traced in the moderately bent or folded strata of the great 
Appalachian valley in northwestern Georgia and adjacent portions of 
Alabama and Tennessee, receiving names from Rome and Cartersville, 
Georgia. The Rome fault is known to extend at least 275 miles, from 
Gadsden, Alabama, northeast and north into Virginia. In the vicinity 
of Rome the extent of its overthrust is at least 4 miles, and may be 6 or 
7 miles. The Cartersville fault or thrust-plane has an inclination 
frequently so low as 5°, and rarely more than 25°. Its maximum hori- 
zontal displacement appears to be not less than 11 miles, equalling that 
of the thrust-planes studied out by Peach and Home in the highlands 
of northwestern Scotland. Other overthrust faults are mentioned as 
mapped out by Keith a few miles northeast of Knoxville, Tennessee, 
and by Walcott in the Taconic region of New York. Among the condi- 
tions on which the production of thrust faults depends, the most import- 
ant is shown by Mr. Hayes to be the relation of the rigidity of the 
strata to the superincumbent load ; and he concludes that probably the 
strata had been folded and partially eroded before the time of their 
faulting. In the discussion of this paper, Prof. W. M. Davis suggests 
that the faults may have been of post-Triassic date, long after the 
Appalachian folding which took place at the close of the Carboniferous 
period. He would attribute the lateral compression producing these 
overthrusts to the same date and causes as the monoclinal tilting and 
faulting of the Triassic beds of Pennsylvania, New Jersey, and the 
Connecticut valley. 

The structure of the Blue Ridge near Harper's Ferry. By H. R. 
Geioeb and Akthub Keith. Bulletin, G. S. A., vol. li, pp. 155-164, 
with map and sections ; Feb. 11, 1891. Ten sections are presented, of 
which nine cross the Blue Ridge and South mountain within about ten 
miles north and south of Harper's Ferry, and one acrosses the Catoctin 
mountain about ten miles east of the Blue Ridge. The authors refer 
the sandstone here forming generally the highest part of the Blue Ridge 
and of the South and Catoctin mountains to the Silurian system, and 
they regard the structure of these ranges as synclinal, mainly in open 
normal folds, with the descending order of the strata as follows : the 
Massanutten sandstone, believed by W. B. Rogers to be the lowest of 
the series and to owe its position to the overturning of anticlinal folds ; 
the Martinsburg shale ; the Shenandoah limestone, known by its fossils 
to be of Chazy-Calciferous age; the Catoctin epidotic schist; and gran- 
ite. Fossils have been found only in the limestone. 

Note (m the geological structure of tite Selkirk range. By George 
M. Dawson. Bulletin, G. S. A., pp. 165-176, with a section; Feb. 12, 
1891. Seeking to connect a region which has been somewhat thor- 
oughly studied in the interior of British Columbia, with the section sur- 
veyed by McConnell across the Rocky mountains proper, or the most 
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eastern ranges of the complex Cordilleran belt, Dr. Dawson has care- 
fully examined the section along the Canadian Paci^c railway in its 
passage through the intervening Selkirk mountains. In descending 
stratigraphic order, and in geographic sequence from east to west, the 
rocks are quartzites, argillites, limestone, and schists, provisionally re- 
garded as Silurian and correlated with the Halysites beds and graph to- 
lite-bearing shales of McConneirs section ; gray schists, quartzites, con- 
glomerate, and argillites, regarded as Cambro-Silurian and Cambrian, 
having a thickness of 25,000 feet in the Selkirk range, from which they 
are denominated the Selkirk series, probably equivalent to McConneirs 
Castle mountain group and the upper part of his Bow River series ; 
blackish argil lite schists and phyllites, with some limestone and quartz- 
Ite, about 15,000 feet, named Nlsconlith series in British Columbia ; and 
gray gncissic rocks and coarse mica schists, forming the Shuswap series 
of the Archaean age. The Selkirk and Nisconlith series are conforma- 
ble and comprise a total thickness of 40,000 feet of strata which the au- 
thor refers to the Cambrian system, not finding reason for distinguish- 
ing the lower portion by the name Algonklan adopted by Wallcott. 
Formations above the Silurian, ranging from the Devonian to the Creta- 
•ceous, which enter into the composition of the neighboring parts of the 
jRocky mountains, are nowhere seen in this section of the Selkirks. 

Graphic field notes for areal geology. By Bailey Willis. Bulletin, 
O. S. A., vol. il, pp. 177-188, with one plate ; Feb. 12, 1891. Methods 
of field observation and record employed by the U. S. Geological Survey 
in the Appalachian mountain region are here described. Plats sufH- 
•clently accurate to be used in preparing maps for publication are made 
on pages of the note-book, from measurements of distances by pacing, 
with determination of bearings by a hand compass; but when It can be 
conveniently carried, a traverse plane-table is used, the plats being 
then on sheets of drawing paper. These graphic methods are found to 
be far more serviceable than verbal notes for the greater part of the in- 
formation to be recorded, and they tend to make keen observers. 

Anntuil Report of the Geological Survey of Arkaiutas^ for 1889, John 
C Branner, State Geologist, vol, ii. The Geology of Crowley's Ridge, 
By R. Ellsworth Call, Little Rock, 1891, pp. 283. Eleven plates and 
a geological map of the western portion of St. Francis county, and a 
map of Crowley's ridge showing the flooded plains of adjacent streams. 

The description of the sections and of the topography and local 
geology of the ridge is by Prof. Call, who also has ** notes on the trees 
of the ridge" and a description of a new pelecypod mollusk from the 
Tertiary (Mytllus haraatoides). 

Prof. R. D. Salisbury contributes a chapter on "the relationship of 
the Pleistocene to the Pre-pleistocene formations of Crowley's ridge and 
adjacent areas south of the limit of glaclatlon ; ** and F. H. Knowlton 
describes "unfortunately" (as he says) four new species of fossil wood 
found by Prof. Call In his exploration of the region. 
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The chief general interest of the volume centers in Prof. Salisbury's 
discussion of the age of the strata of the ridge. The ridge itself is one 
of those remnants from erosion left by the Mississippi river which are 
found frequently along the course of the valley in its non-glaciated por- 
tions. It extends from near Cape Girardeau, in Missouri, to Helena, in 
Arkansas, making, in its central portions, a broadly crescentic bend to- 
ward the west. 

Prof. Salisbury regards the superficial loess and loam mantle of the 
ridge as referable clearly to the Pleistocene, "and under the Pleistocene 
to the first glacial epoch," and he is of the opinion that the second 
glacial epoch has no representative in the ridge. The river- terraces that 
characterize that epoch by heading in its terminal moraines pass below 
the alluvium of the Mississippi before reaching the latitude of Crowley's 
ridge. The most southern point at which such have been recognized in 
the Mississippi valley, being a short distance above Cape Girardeau, 
where a remnant exists in a tributary valley. 

The gravels and sands of Crowley's ridge are unconformable below 
the loess, and are frequently separated from the loess by a layer that ex- 
hibits a characteristic humus, showing the interposition of an epoch of 
subaerial exposure. This humus bed he considers the dividing line be- 
tween the Pleistocene and Pre-pleistocene. The gravel and sand of the 
body of the ridge therefore he regards as not of glacial origin — and this 
conclusion he extends to large areas in western Tennessee and Ken- 
tucky and in southern Illinois, and in eastern Missouri where such 
gravels and sands extend, and where they have sometimes been reported 
as of glacial origin. This important conclusion is well sustained by the 
handling of the facts and can hardly be questioned. The paper points 
to a delimitation of the Pleistocene from any underlying older but sim- 
ilar formation, and mentions the characters by which the distinction 
may be made by any geologist, and therein it adds an important advance 
step to our knowledge of the Pleistocene. 
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neusibirischen Insel Kotelny, E. v. Toll Rauflf. 



COERESPONDENOE. 



Prof. W. M. Davis on tiie Iroquois Beach. — I will again call Prof. 
Davis' attention to the Algonquin beach. The map of it appears in 
the Jan. No. of the Am. Jour. Sc. It does not embrace the waters of 
the Erie Basin, nor approach the Maumee- Wabash passage. In reply 
to Prof. Davis' considerations ; 

1. The close correspondence of Vie Iroqicois Stwre Wies wUti the Mohawk 
valley : I include In the Iroqouis beach a series of beachlets having a 
vortical range of 25 feet, and towards the northeast of considerably 
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moro. Only the waters corresponding to the upper part of the series 
had egress by the Mohawk valley. The lower waters had to find an 
outlet by some other channel. The Mohawk outlet did not accomplish 
all that was needed, if it were the sole outlet of Iroquois water. 

2. A demand for correapondtng shwe lines on the outlet side of the 
Mohawk valley : As already clearly shown, beaches are often wanting. But 
the failure in recording them is no proof, for the region has not been 
sufficiently explored. The warping and erosion have so deformed the 
broken shore lines that the casual observer may not identify them. 

3. The former expanded condition of the Mohawk river : This is favor- 
able to my hypothesis, but as the outlet of the Iroquois water, only the 
depth of a few feet above its floor corresponds to the upper stages of 
the Iroquois beach. Hence the objection Is not well taken. 

4. The correspondence of deserted shore lines with other oiUlets : The 
higher beaches enclosed bodies which had more than one outlet ; and as 
we rise still higher, such bodies of water had egress by many outlets 
which it seems to me were straits. 

Can any one comprehend a river as large as the St. Lawrence flowing 
through an ice dam, from a lake held above sea by a glacier, after the 
waters had fallen Just below the level of the Mohawk valley, without 
dissolving away the barrier? J. W. Spencer. 

Feb. 7Vi, 1891. 

The International Congress of Geologists. The usual circulars 
have been sent to all geological societies and prominent geologists in 
this and in foreign countries. It may happen that in spite of our en- 
deavors to reach all who are interested in the labors of the Congress, 
some circulars may not have reached the persons to whom they were ad- 
dressed, or some names may have been inadvertently omitted from our 
lists that should have been included. May I request that you will 
kindly inform your readers that, if any geologist who maybe desirous of 
taking part in the Congress or of receiving its publications, which will 
probably include many valuable geological papers, will send his name to 
the Secretary (1330 **F" street, Washington, D. C.) it will be put upon 
the list and he will receive the invitation to become a member of the Con- 
gress. The small fee for membership is for this Congress only, and in- 
tended to defray the cost of printing and other necessary expenses. It 
is customary for geologists of the country where the Congress is held to 
subscribe even if they cannot be present at the Congress. 

S. F. Emmons, Sec'y and Act'g Treas. 

Washington, D. C.,Feb. 25, 1891. 

Important Results of The Texas Survey: A few notes in regard 
to the results of this survey during the past year may be of interest. 
* In the eastern part of the state some thorough work has been done in 
mapping and studying the deposits of iron ores and the accompanying 
Tertiary and Quaternary strata. The results give much light on the 
historical geology of these periods and develop the economic fact that 



268 The American Geologist. April, i89i 

we have more than one thousand square miles of iron ore deposits in 
this area. 

The Investigations in regard to the uses of lignite show that the de- 
posits of east Texas are of better quality than those now in use in 
Europe for most purposes for whijch bituminous coals are used, and the 
possibility of their use for fuel, for the smelting of the iron ores and 
other Industrial purposes. 

In north Texas the results of Prof. Cummins' work have proven very 
important. The much discussed question of Permian-Triassic has prob- 
ably been fully explained by the discovery that we have in Texas, rest- 
ing directly upon the Carboniferous, a series of Permian rocks, which 
in the upper members carry great beds of gypsum, and that only these 
upper members extend north of the Wichita mountains in the Indian 
Territory ; that in Texas the conglomerate corresponding to the Shin« 
arump of the West is found overlying these Upper Permian beds uncon- 
formably ; and that the Red Beds above this correspond to the Red Beda 
of the West and are entirely distinct from those below that horizon. 
The proof here Is quite conclusive, as we have not only direct strati- 
graphic, but also the very best paleontologic evidence of the age of all 
these beds. 

Along the eastern edge of the Staked Plains, north of the Brazoa 
river, the Triasslc strata are overlaid conformably by beds of Tertiary 
age. 

In central Texas, Dr. Comstock, by his second year's field work, fully 
confirms and extends the results of last year as already published. On 
December 3d, 1890, we announced the finding of cassiterite in thla 
region by Dr. Comstock. Its mode of occurrence has been very accur- 
ately ascertained and It is reasonable to expect Its discovery at any 
point where certain Burnetan rocks are exposed, over a belt extending 
from near Burnet to near Mason. Our samples have come from eastern 
Llano county, and eastern Mason county, and are Invariably from quartz 
of the oldest Archaean ( Burnetan ) system, as defined In the first annual 
report of this survey. 

We have not yet discovered deposits of known workable extent and 
the announcement was made for the purpose of encouraging the neces- 
sary prospecting to fully determine the value of the deposits. 

Large amounts of minerals containing some of the rarer elements 
have been found In this region ; enough for commercial purposes aa 
soon as any economic use is found for them. 

In western Texas a detailed study has been made by Prof. Streeru- 
wltz of the geology of a portion of El Paso county. Including the Quit- 
man, Sierra Blanca, and other mountain ranges. Very much has been 
done toward a clearer understanding of the structure and stratigraphic 
relations of the various granites, porphyries, quartzltes, marbles, etc. 

In the Cretaceous of this region, the section develops facts of such 
scientific importance as the absence of the alternating beds, and a 
much greater development of the beds of the Washita division than has 
hitherto been given the entire Cretaceous of central Texas. 
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In economic results the existence of extensive deposits of free p^old 
and of gold and silver-bearing lead, copper and zinc ores has been 
fully demonstrated. As in the central district, deposits of minerals 
containing the rare metals are abundant and many new minerals are 
under examination. 

On the 13th of January, we announced the finding of platinum and 
tin by Prof. W. H. Streeruwitz, in the Quitman mountains, El Paso 
county, and while it is not possible, at this time, to make a positive 
statement regarding the quantity in which these metals are liltely to be 
found in this district, the fact that their presence has been thus defi- 
nitely determined should prove an additional incentive to active prospect- 
ing in this region, concerning which we have already made such strong 
statements in the publications of the survey. 

The second annual report is now in the hands of the printer and it 
will be issued at an early date. Yours very truly, 

E. T. DuMBLE, State Geologist. 

^uatin, March 5th, 1891. 
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The Legislature of the State of Alabama has placed the 
appropriation for the Geological Surve}' at $7,500 a year, and 
made it continuous, i. e. till otherwise provided b}** act of the 
General Assembl}'. This puts the survey on a verj- desirable 
footing as to permanence. The printing, engravitig and all pub- 
lication come out of another fund, the above-named appropri- 
ation being for salaries, and field and office work and general 
expenses. Prof. Smith proceeds at once to the more detailed 
examination and mapping of the Warrior and Coosa coal fields. 

Governor James P. Eagle, of Arkansas, sketches the im- 
portant features of the work done by the Geological Survey, and 
also enumerates that which remains yet to be done. The annual ap- 
propriation has been 5,000 dollars per year. He thinks that sum 
is too small and instances Texas which appropriates 35,000 dollars 
per year for field work, Alabama which has given $5,000 per 
year since 1SS2, Illinois which expended $139,700 in four years, 
Indiana which has annuall}^ paid $5,000 since 1869, the Iowa 
survey which had $G,500 annuall}', Michigan, which spent 
$91,000 in four years, Wisconsin $149,000 in six years, Ohio 
which spent $7,7S8 a 3'ear in field and office work, Pennsylvania 
which has spent nearly a million and a quarter in eleven years, 
and New York which has spent nearl}- two millions of dollars on 
its geological survey. These figures show that the Arkansas sur- 
vey, in the judgment of Gov. Eagle, has been conducted economi- 
cally. * * When we compare the expense of the sune}' with the 
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work accomplished and the results that must eventaally flow from 
it, I feel that there has been no wiser action of the Legislature, of 
late years, than the inauguration of this important piece of work, 
and I feel warranted in urging that it be finished in a proper man- 
ner, especially as it is now so nearly done." 

Prof. Cragin is engaged in the preparation of an illus- 
trated work on the geology of Kansas. It will comprise a strati- 
graphic and general section, a section on economic geology, and 
one on physical geography, in the first of which palaeontology will 
be made prominent. It will include, as special features, a geolog- 
ical gazatteer of Kansas and list of elevations, much fuller than that 
of Kansas in Macfarlane's Greological Railway Guide, a catalogue 
of Kansas fossils, and a bibliograph}' of Kansas geology. The 
section on ph3'sical geography will include faunal and .fioral lists 
(including invertebrates and cryptogams), and a chapter on the 
climate of Kansas, the latter written especially for the work by 
Sergt. T. B. Jennings of the Kansas weather service. The work 
will probably be issued early in 1892. 

The backbone op the Continent within the boundar}^ of the 
United States, or the watershed between the Interior and the Pa- 
cific (approximately 1,850 miles long), consists of a number of 
distinct ranges separated b}' noticeable passes easily approached 
from the eastward or westward, and to which the appellation 
<* Kocky mountains " has been given. This name fades away as 
the true condition of its topograph}^ becomes known from actual 
survej's, and each of the several ranges claims a title. Geo, 
M, Wheeler, 

Biennial report op the Missouri Survey is an administra- 
tive report of 53 pages, in which is included a short historical 
sketch of past geological work in the state, a description of the 
progress of the work of this survey and a statement of the plans 
for the future ; it will prove of value for purposes of reference. 

The GtEOLogical Survey op Missouri, under the management 
of Prof. Arthur Winslow has made rapid and substantial progress, 
and it promises to be one of the most important and successful of 
the state surveys. It has issued, within the past year four valua- 
ble bulletins viz. : Btd, No. 1 containing, besides the administra- 
tive report of the state geologist, reports on the coal beds of La- 
fayette county, building-stones and claj's, and mineral waters, and 
a preliminary catalogue of the fossils occurring in Missouri. 
Bui. No. 2. A bibliography of the Geology of Missouri. Bui, 
' Ko. 3. Cla}', stone, lime and sand industries of St. Louis ; The 
mineral waters of Henry, St. Clair, Johnson and Benton counties. 
Bui. iVo. ^, A description of some Lower Carboniferous crinoids 
from Missouri. 

The state Legislature is now considering favorably a proposed 
enlargement of the appropriation for its maintenance, the sum 
named being $40,000 per year; this being double the original ap- 
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propriation. With the facilities which this will afford the survey 
will attain a degree of efficiency which cannot fail to bring great 
and lasting benefits to the state. We fear, however, the survey 
may encounter the stumbling-block which so many others have 
found fatal. From such large annual appropriations there have 
come generally revulsions which have swept away not only the 
present and future but all the accumulated past results. A mod- 
erate or even a small annual fund is in the end productive of • 
larger and more substantial results than the large appropriations 
which come from spasmodic efforts, and are apt to cease before 
their plans are wrought out to completion. 

The government investigation of artesian conditions be- 
tween the 97th meridian and the Rocky mountains — Senate Docu- 
ment No. 222, containing the Report of the Preliminary Recon- 
noissance of the Artesian Investigation — has just been published. 
ThQ volume contains 382 octavo pages with numerous maps, 
plates, and pictures illustrating the geology and occurrence of ar- 
tesian water. 

The reports of the numerous geologists, engineers and field 
agents contain a mass of information upon the subject treated 
such as has never before been presented in this country, and of 
such a nature as to render the report one of the most practical 
and valuable contributions to North American scientific literature. 
How such an immense amount of data could have been collected 
in a period of a few months can only be explained by the fact 
that Col. Rich. T. Hinton, the S{)ecial agent in charge, has dis- 
played rare administrative ability, for utilizing and collecting the 
knowledge already possessed by our western geologists, as well 
as pushing investigation with great rapidity and good taste. 

Prof. David S. Jordan, president of the Indiana State 
UNIVERSITY, has accepted the presidency of the Leland Stanford 
university of C alif omia. It is a pleasure to record the growing pref- 
erence of the higher institutions of learning for science-bred men 
for their chief administrators. It is to be hoped that Indiana 
State university will not now fall from the ranks, but will be able 
to fill president Jordan's place with some other scientist The ap- 
pointment of Pres. Jordan will result in the building up of a 
great institution on the Pacific coast in which there will be no 
cramped opportunities for the scientific men who may be chosen as 
his colleagues and aids. 

Mr. R. D. Oldham discusses (in the Geol. Mag. for January) 
the origin of the Himalayas, showing that the range did not exist 
in pre-Tertiary times and has been developed from S. E. to N. W. 
The area of elevation forming this now loftiest range on earth, co- 
existed with an area of depression to the south of it and these two 
have become more and more marked as Tertiary time has gone by. 
** In Eocene time the N. W. Himala^'as did not exist. In Sewalik- 
Pliocene times there was a mountain range whose hydrography 
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agreed with that of the present day in its main features, but must 
have been comparable in elevation and extent to the present 
Himalayas. " 

Amono the reviews we find a se^^re criticism of Mr. Mil- 
ler's recent articles in the American Geologist on N. American 
crinoids. After making a considerable extract introduced by some 
sarcastic remarks, the author concludes thus : 

< < For the rest of this amusing and exciting article we will refer 
our readers to the article where they will find a lucidity of expo- 
sition, an accuracy of argument and a courtesy in debate that re- 
mind one of the Society upon the Stanislaus." << The journals in 
which we publish may be < conduits of ignorance and conceit, ' we 
are * illiterate, * * reckless of symmetry, ' * shallow pretenders, ' 
< venting stupid hypotheses,' in our < unenlightened affectation.' 
We make our < usually poor English more incomprehensible ' by 
'snatches from German authors' and yet ^overgrown with ignorance, 
assumption and conceit ' as we are, we humbly confess that on this 
side of the Atlantic we have never produced anything that would, 
for sweet reasonableness and smoothness of persuasion, stand a 
moment's comparison with the gentlemanly polemics of Mr. S. A. 
Miller, of Cincinnati, 0." 

Origin of the word bronze. From an examination of texts 
due to the Greek alchemists, extracted from a document of the 
16th century, Mr. Berthelot came to the conclusion, especially af- 
ter comparing them with certain passages in Pliny the elder, that 
the name of bronze was derived from the city of Brundusium, the 
seat of certain manufactures in which this alloy was employed. 
Now, Mr. Berthelot has found a text that is more ancient by three 
centuries (for it dates back to the time of Charlemagne), and the 
indications of which are still more decisive. It is a question of a 
manuscript found in the library of the chapter of the Canons of 
Luynes, and reproduced by Maratori in his Antiquitates Italxce, In 
the Latin text it is expressly specified as << Composition of Brin- 
disi : " Copper two part, lead one part, tin one part — a traditional 
formula that has come down to our time. It would, then, seem 
indeed as if the word bronze was derived from the city of Brindisi, 
where bronze was manufactured on a large scale. — La Genie Civil. 

Aluminum at $1.25 per pound is in the market. A price list 
sent out to the trade by the Cowles Electric Smelting and Alu- 
minum Co., of Lockport, N. Y., gives the following figures : In 
lots of more than 2,000 lbs., $1.25 per lb., less 20 per cent, dis- 
count, and in 1,500 lb., 1,000 lb. and 500 lb. lots, $1.25 per lb., 
with 15, 10, and 5 per cent, discount. In 50 to 500 lbs. the 
price is $1.25 net; 10 to 50 lbs., $1.50; and less than 10 lbs., 
$1.75 per pound. 
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A CHART OF THE RUGOSE CORALS. 

Will H. Srbrzbr, Ann Arbor, Mich. 

For the student who endeavors to acquire anything more than a 
superficial knowledge of a few of the more common genera of 
Palaeozoic corals, there await disappointment, discouragement and 
not infrequently entire disgust. Well equipped with specimens 
though he may be, he is of necessity dependent upon the literature 
for description and classification. What with incompleteness, in- 
accuracies, contradictions and synonymy this literature often proves 
more puzzling than the fossils themselves, and may lead to its 
abandonment for more Inviting fields of labor. We will suppose 
that our student has mastered, as he imagines, the generic charac- 
teristics of AmplexuSy Zaphrentis and Cyathophyllumy and finds in 
his hands for study specimens of our well known Streptelasma 
comiculum. He examines them externally, appreciates the appro- 
priateness of the specific name, notices the heavy epitheca, the 
pinnate arrangement of the cost^e and the characters of the calyx. 
He next makes cross and longitudinal sections and observes the 
character of the tabulae, the absence of dissepiments and the pe- 
culiar central core. He desires now to know just how the genus 
is to be distinguished from all others, and naturally hunts up the 
original description. A form like CyaOwphyllum but distinguished 
by the spiral twisting together of the septa at the center. In an 
evil moment, however, for his peace of mind, he learns that there 
is not entire agreement among palaeontologists in regard to the 

20 
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characteristics of the genas or its being a genus at all. He 
finds that it is simply a form of Petraia^ the peculiarity of which 
is stated to be the absence of tahulce and dissepiments. Re-exam- 
ining his sections he is certain that tabulae are present He next 
finds that it is properly separated as a genus, but that the distin- 
guishing characteristic is the absence of epitheca. Can it be that 
he has been mistaken in supposing this to be present ? No, a ref- 
erence to his specimens again convinces him that his former obser- 
vations were correct. Puzzled but persevering he learns next that 
the absence of dissepiments is the one feature by which it must be 
separated from all other genera. He recalls some of the species of 
Amplexus and Zaphrentis. The next reference volume he opens 
he confidently expects to find absence of wall or septa affirmed to 
be the distinguishing characteristic, but the genus is simply made 
a sub-genus of Zaphrentis or referred to Ptychophyllum. One 
ver}'' common Silurian coral has been assigned no less than twenty- 
six different names, and others have nearly as long a list of 
aliases. 

This unfortunate condition of affairs seems to have arisen from 
the fact that many descriptions have been based entii-ely upon ex- 
ternal characters or upon a limited number of poorl}^ preserved 
fossils. Too many genera and species have been founded through 
ig'norance of or ignor'ance of the publications of others. A de- 
gree of satisfaction may be obtained only by collecting the litera- 
ture of each genus and making a comparative study of this in 
connection with the fossils themselves. The value of one's con- 
clusions will then depend upon the number and character of his 
specimens and the accuracy of his observe ations. 

Another source of embarrassment to the student is the apparent 
blending of the genera in many instances. He will find specimens 
of Cystiphyllum in which the tabulse and septa have reached no 
inconsiderable degree of development, and specimens of Helio- 
phyllum in which the carinse are almost or entirely wanting. 
However, if the commonly accepted theories for the creation of 
genera and species be true, the surprise would be the greater if 
these intermediate forms were not to be found. Let the student 
early learn the meaning of *'type classification" and appreciate 
the fact that the limits of genera are drawn by man and not by 
nature. He must also bear in mind that our Palaeozoic corals are 
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classified entirely with respect to their skeletal remains, without 
any regard for the yet unknown affinities of the polyps which se- 
creted them. Modem deep-sea corals occur, belonging to the same 
species and growing within a few feet of each other, which if clas- 
sified with respect to their hard parts alone, would probably be 
placed in separate genera. On the other hand we know that 
amongst the more highly organized forms of life differences, de- 
tected only with difficulty, characterize the skeletons of animals 
belonging to separate families. We fancy that if the Trumpet of 
the Resurrection reanimates the dusty fossils on the shelves of our 
museum cases there is surprise in store for many a polyp when he 
first gazes into the countenance of his supposed brother. 

This chart of the Rugosa was primarily prepared for the pur- 
pose of making a comparative study of its genera. Reference has 
been made to all available literature and figures, and many speci- 
mens have been examined. An attempt has just been made to 
have it as accurate and complete as possible by sending out sev- 
eral dozen advance copies to palaeontologists of Europe and Amer- 
ica, with a request for additions and corrections. In this attempt 
we have been partially successful, and it is now published with the 
hope that it may prove of service in the laboratory for the deter- 
mination and separation of genera. It is designed to contain not 
simply the corals which the latest investigations would place in 
the list, but those which the student now finds referred to 
it, and about which he may desire ready information. Zit- 
tel's simplification of the elaborate classification of Dybowski 
has been followed as best suited to our purpose, and disturbed 
only by the introduction of a few new genera. It is evident from 
the internal structure that some of the genera are out of place. 

In his latest Manual of Palaeontology, Prof. H. A. Nicholson con- 
siders the group simply a Section of Madreporaria instead of a 
Sub-Order of Zoantharia as established by Edwards and Haime. 
He locates and divides the group as below : 

Order. Zoantharia. 

Sub-Order A. Actinaria. 
Sub-Order B. Antipatharia. 
Sub-Order C. Madreporaria. 

Sec. I. M. Aporosa. 

Sec. n. M. Rugosa. 
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Sec. 1. Cyathophylloidea. 

Fam. 1. Cyathophyllids. 

Fam. 2. Heliophyllidae. 

Fam. 3. CUslophyllldae. 
Sec. 2. Zaphrentoidea. 

Fam. 1. Zaphrentidas. 

Fam. 2. Hadrophyllidse. 

Fam. 3. Streptelasmida^. 
Sec 3. Cystiphylloidea. 

Fam. 1. Cystiphyllldas. 

Fam. 2. Calceolidse. 
Sec. III. M. Funglda. 
Sec. IV. M. Perforata. 

The group is n^uch restricted by the removal of Stauria, Cyath- 
oxonia and other genera to the Aporosa. 

The genera printed in small capitals are the more common and 
important of the Rugosa. 

Oeological LdborcUory^ Univ. of Michigan. Arigustt 1890, 



ZOANTHARIA RUGOSA, E. AND H. 

Corallites simple or compound, free or grown together. Four 
systems of septa which have a bilaterally symmetrical arrange- 
ment and generally extend feiither-like from a principal septum 
and two side septa, or are arranged regularly radiate. One or all 
of the four primary septa are distinguished either by especial size 
and strength or b}' imperfect development ; in the last case being 
situated in the sei)tal fovea;. The septa when alternating in the 
calyx are generally arranged so that a shorter incomplete one 
(second order) is next to a longer (first order). The visceral cavity 
is frequently supplied with tabulae and dissepiments. Coenen- 
chyma wanting. Calyces of the compound stems clearly sepa- 
rated. Increase is by ova, calicinal and lateral gemmation. 
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Occasionally calcareous opercula occur which articulate with the 
counter septum. 

Fam. I. Inexpleta, Dyb. 

Interseptal spaces empty (occasionally near the base slightly devel- 
oped dissepiments occur). Tabnlso and cellular tissue wanting. Septa 
well developed. 

Tribe J. CyaOwaoninoe^ E. and H. 

Corallnm top or horn-shaped, always simple. Septa in the calyx reg- 
ularly radiate, well developed. 

Tribe 2. Petraince, Dyb. 

Calyx much deepened. The septa begin close to the outer edge of the 
calyx as slightly raised bands and in their downward course become 
complete only in the depth of the calyx. 

Tribe 3. PaUBocyclince^ Dyb. 

Corallum simple, free, disc-like or bowl-shaped. Septa well de- 
veloped. 

Fam. II. ExFLETA, Dyb. 

*' Filling-tissue '' (tabulsB, dissepiments, or both) occupy the entire 
space of the visceral cavity. 

Sub-Fam. 1. J>iap/iragmatop?M)ra, Dyb. 

TabulsB completely formed ; dissepiments wanting or quite poorly de- 
veloped. Septa in the calyx regularly radiate. 

Sub-Fam. 2. Pleiwphoraj Dyb. 

Tabulso incompletely formed, present only in the central part of the 
visceral cavity. Vesicular tissue in the peripheral portion. 

Sub-Fam. 3. Cystophora, Dyb. 

Tabulae wanting, vesicular structure filling the entire visceral cavity. 

Tribe 1. CyailphyUincBy E. and H. 

The vesicles arranged In vertical, contiguous layers, radial to the 
center. In the calyx the uppermost rows of vesicles project with their 
arches and form endothecal bands. 

Tribe 2. PUismophyllincBt Dyb. 

Septa more or less developed or dwarfed. Visceral cavity filled with 
cellular structure. 

Tribe 3. FletcheriruB, Zitt. 

Septa dwarfed. Vesicular tissue in the visceral cavity very coarse. 

Tribe 4. OoniophylHruBy Dyb. 

Calyx very deep. Septa at times weakly developed. Vesicular struc- 
ture in the interseptal spaces very dense. Calcareous opercula always 
present. 

21 
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GENUS. 



w 



2. 



roUNDEK. 



CVATHAXOyiA. 



Duncanella. 



3. Duiiraiiia. 
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is 

X 



CI 

w 



Cenophyllum. 
(Kenophyllum.) 



Guynia. 



6. Haplophyllia. 



< 

Ik 



7. 



8. 



9. 



CO 
Ul 



10. 



11. 



Pbtraia. 



Micbelin. 1846. 



Nicholson, 1874. 



DeKoiiiiick,1872. 



Dybowski, 1873. 



Duncan. 



TYPE. 



C. CORNU. 



D. BORBALI8. 



K. 8UBCYLIN- 
DRICUM. 



Pourtalbs. 1868. H. paraboxa. 



Munster, 1839. 



PolycoQiia. 



Turbinolopsls. , , „^^ 

(Trochop8i8,Ehren.) Lamouroux.1821 



King, 1849. 



Acanthocyclus. 



12. 



Baryphtllum. 



Dybowski, 1873. 



EdwardH and 
Haime, 1850. 



13. 



Combophyllum. 



Edwards and 
i Haime. 1850. 



14. 



15. 



Hadrophyllum. 



I Edwards and 
Haime. 1850. 



Microcyclus. 



Meek and 
Worthen, 1868. 



X 
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£ 
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& 
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16. 



17. 



< 

Ik 

CO 



18. 



• Palreocycliis. 



^Edwards and 
Haime, 1849. 



•• Acanthodes. Dybowski, 1873. 



Amplexus. o 1 i«, ^ 

(Cyathop8isD-Orb.) Sowerby. 1814. 



Anisophyllum. 



19. Calophyllum. 



20. 



Chokophtllum. 



Edwards and 
Haime, 1850. 



Dana, 1846. 



Edwards and 
Haime. 1850. 



21. Coleophyllum. 



22. 
23. 



COLUMNARIA. 

(Favistella, Hall.) 



24. 



Cyathophylloides. 



t Darwinia. 



Hall, 1883. 



Goldfuss, 1826. 



Dybowski, 1873. 



Dybowski, 1873. 



p. DIECU88ATA. 



P. (turbinolia) 

DONATIANA. 



A. (PALiEOCY- 
CLUS) FLETCH- 
RRI, E. & H. 



GROWTH. 



Simple. 



Simple. 



Simple. 



Simple. 



Simple. 



Simple. 



Simple. 



Simple. 



B. VKRNBUIL- 

ANUM. 



C. 08I8MORUM. 



Simple. 



Simple. 



H. ORBIGNYI. 



M. DISCUS. 



Simple. 



Simple. 



Simple. 



p. (MADREPORA) g.^ j^ 
PORPITA, LINNE .. 



'o 



A.CYLINDRICUS. 



A. CORALLOIDB8. 



A. A0A8SIZI. 



C. (OYATHOPHYL- 
LUH) PERFOLIA- 
TUM, QOLDF. 



Simple or acr- 
ffregate. 



Simple. 



Simple. 



Simple or a^r- 
arrefirate. 



G. ROH iKOBBi. Simple. 



Simple or 
loosely com* 
pound. 



C. ALVBOLATA. 



C. KASSARIBN8I8. 



D. 8PECIOSA. 



Astneiform or 
faaoicnlate. 



Simple, astrsB 
iform or fas- 
ciculate. 



Compound. 



• Cyclolites, (pars) Lam. ; Funs^ia, (pars) Lam. ; Porpites, (pars) Schlotli. 
•* Name preoccupied by Agassiz for a fisli. 
\ Nme preoccupied by Bate for a crustacean. 
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INCREASE. 


FORM. 


WALLS. 


EPlTHBCi. 


COSTiE. 


CAI.YX. 




Ova. 


Conical. 


One. 


Complete. 


Distinct. 


Deep, with strong 
projection. 


Ova. 


Conical. 


One. 


Wantinfir 
at base. 


Present. 


Deep, circular, 
slightly expand- 
ed above. 


Ova. 


Conical. 


Two. 


Present. 






Ova. 


Conical to sub- 
cylindrical. 


One. 


Plainly de- 
veloped. 


Pinnate. 


Superficial. 


















Ova. 


Sub-conical 
with broad 
base. 


On^. 


Thick. 


Indistinct. 


Circular. Edge 
projects above 
septa. 




Ova. 


Various, gener- 
ally conical. 


One. 


Rather 
stronflT. 


Pinnate. 


Verydeep.eztend- 
ing nearly to 
base. 




Ova. 


Conical. 


One. 


Present. 


Pinnate. 


Strongly deep- 
ened. 




Ova. 


Sub-conical. 


One. 


Present.' 


Present. 


Deeply concave. 




Ova. 


Bowl-shaped or 
short conical. 


One. 


Moreorless 
strong. 


Indicated. 


Superficial. 




Ova. 


Sub-discoidal or 
bowl-shaped. 


One. 


Present on 
the base. 


Indistinct. 


Superficial, plane 
or even convex. 




Ova. 


Discoidal. 


One. 


Wanting. 


Present. 


Superficial. 




Ova. 


Bowl-shaped or 
short conical. 


One. 


Present. 


Indicated. 


Superficial. 




Ova. 


Discoidal. 


One. 


Strong on 
flat base. 

Strong on 
base. 


Radiate. 


Very shallow or 
nearly obsolete. 




Ova. 


Discoidal or 
short conical. 


One. 


Faint. 


Superficial. 




Ova, lateral ffem- 
matioD. 


Sub-conical to 
cylindrical. 


One. 


Plainly de- 
veloped. 


Distinct. 


More or lens deep- 
ened. 




Ova. 


Conical to cylin- 
drical. 


One. 


Well de- 
veloped. 


Distinct. 


Circular, moder- 
ately deep, with 
thin margins. 




Ova. 


Conical. 


One. 


Present. 


Distinct. 


Deep and spa- 
cious. 




Ova, lateral gem- 
matioD. 


Conical to cylin- 
drical. 


One. 


Plainly de- 
veloped. 


Present. 


Not deepened. 




Ova, calicinal 
flremmation. 


Patellate, short 
conical to cylin- 
drical. 


One. 


Thin. 


Broad. 


More or less deep- 
ened, frequently 
with central pit. 




Ova. 


Conical or with 
slender stem. 


One. 


Present. 


Moreorlem 
distinct. 


Shallow and very 
oblique. 




Ova, lateral, cal- 
ioinal flremma- 
tion. 


Cylindrical or 
prismatic. 


One. 


Thin. 


Distinct. 


Moderately deei», 
with thm mar- 
grins. 




Ova, calicinal 
flremmation. 


Conical, cylin- 
drical or pris- 
matic. 


One. 


Present. 




Rather deep. 




Calicinal flremma- 
tion. 


Confluent. 


None. 




Small pit with el- 
evated rim. 
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FOVCL£. 



1. One. well developed. 

2. None. 



3. 

— |. 
I 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

11. 



One. deep. 



None or very obscure. 



One. sliflrhtly devel- 
oped. 



12. One, well developed. 



18. 



One large and three 
smaller ones. 



14. One is developed. 
] 5. One is indicated. 
16. 



,One firenerally present 
17. i and well cnaracter 
; ized. 



18. 1 



19. 



20. 



One, lensrthened and 
containing septum. 



Wanting. 



Wanting or rudiment- 
ary. 



21. 



One on posterior side. 
Obscure in type. 



SEPTA. 



Numerous; both orders reach columella. 



Reach center. Apparently in multiples of six, 12 at 
the base and 18 in the calyx. 



Well developed, alternating; second order very short. 



Completely developed. Numerous, closely placed. 



Smooth; consisting of three orders, the third very 
rudimentary. 



Both orders equally developed. Complete only near 
the base, raised folds above. 



Alternating. Primaries extend nearly to center, sec- 
ondaries about half way. 



Alternating. Sides smooth, denticulate on inner edges. 



No lamellar septa, simply rows of spines. 



Not regularly radiate, but inclined towanls the 
stronger principal septa. Thick. 



Exsert, extending nearly to center. Bather regularly 
radiate. Secondaries rudimentary. 



Unequally developed and irregular. Pinnate to prin- 
cipal septum. 



Short, not reaching over half way to center. Alter 
nating, secondaries marginal, somewhat inclined 
to primaries. 



Numerous, alternating, strong. Primaries nearly 
reach center. Side faces granulated. 



Spines instead of true septa. Sometimes united by 
sclerenchyma into more complete lamella. 



Short, equal or alternating. May sometimes reach 
center as low ridges on the tabulss. 



Numerous, unequal, irregularly arranged. Pinnate 
in one-half of calyx. 



Radiate, alternate. Primaries do not reach center. 
Secondaries one-half as long. 



Radiate, equal or alternate. Seen in calyx as broad 
ening convex bands. Not sharply crested except 
near center. 



22. 'None indicated. 



28. 



Seemingly rudiment- 
! ary. 



Obscure or obsolescent. Fine, converging about the 
fovea ; appear as mere ridges on the tabulsD. 



Radiate and alternate in type, primaries reaching 
nearly to center. Rudimentary in other species. 



Radiate, alternate. Primaries extend to center. 



24., None indicated. 



Alternating, complete only in the tube-like channels. 
Primaries form a false columella. Extend outside 
as bands. 
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DI8S£PIM£NTS. 


TABULiE. 


CENTRAL AB£A. 




None. 


*None in typical species. 


Strong, continuous, styliform col- 
umella. 




None. 


None. 


Columella wanting or non-deter- 
minable. 




Sllffhtly developed. 


None. 


Thin, funnel-shaped inner wall. 




None. 


None. 


No columella. 












None. 


None. 


Styliform columella. 




None. 


None. 


Open to near base. 




None. 


Horizontal, complete, at 
irregular distances. 


No columella. 




None. 


None. 


No columella. 




None. 


None. 


No central structures. 




None. 


None. 


No columella. Some septa reach 
center. 




None. 


None. 


No columella. 




None. 


None. 


No columella. 




None. 


None. 


Broad and smooth. 




None. 


Described as wanting. 


Inner edges of primaries free and 
denticulate. 




None. 


Well developed, horizon- 
tal, reach msr to the 
spiny septa. 


No central structure except the 
tabulae. 




No trne dissepi- 
ments. 


Very strong, com 
Frequently bent < 
ward near the wal 


>lete. 
own- 
1. 


Smooth and flat, septa being absent. 




None. 


Little developed. 


No columella. 




None. 


Complete, horizontal. 


Free from septa, only tabulae pres 
ent. 




Well developed in 
the narrow inter- 
septal cavities. 


No true tabulae. 


Septa may be somewhat twisted. 
Transverse dissepiments. 




None. 


Complete. invagT'nated. 
Very oblique and close- 
ly arranged. 


Only the oblique, smooth tabuls;. 




None. 


Numerous, strong, hori- 
zontal. Not deflected 
at outer edges. 


Generally smooth. No columella. 




None. 


Variously formed, but 
extend to outer wall. 


No columella. 




Abundant between 
the superposed 
layers. 


Numerous in the visceral 
cavity. Bell-shaped. 


False columella. 



• Some species, as Cyatha-xonia dolmen i, have l)een found to ixissess tabulte and 
LindstrOmia has been proposed for such forms by Thompson and Nicholson (1 87G). 
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MISCELLANEOUS. 


iKAuarr rbutitbs. 




1. 


Principal septum is placed in the fovea. Columella 
is vesicular or tubular. 


1. Lophophyllum. 

2. Haplophyllia. 




2. 


Septa protrude at the base as a small cone. 


Petraia. 




3. 


Septa of first order spread out at their inner edges to 
form secondary wall. 


Anlophyllum. 




4. 




Petraia. 




5. 








6. 


Columella is formed of two smooth conical processes, 
thick at the base and tending to fill up the inter- 
septal cavities. 


Cyathaxonia. 




7. 


Compartmented only in short basal portion. 


1. Turbinolopsis. 

2. Cenophyllum. 




8. 


The four principal septa are stronger and form a cross. 


Phryganophyllum. 




9. 


Lindstrom considers the species of Lonsdale and Phil- 
lips as Cyathophylla. 


Petraia. 




10. 




Acanthodes. 




11. 


Fovea with three principal septa form a cross. 


Hadrophyllum. 




12. 


Principal septum is in fovea, to which the neighbor- 
ing septa are rather pinnate. 


1. Mycrocyclus. 

2. PalsBOcyclus. 




18. 


The four foveie form a cross, but are not always dis- 
tinct. 


Baryphyllum. 




14. 


Principal septum placed in the fovea. 


Combophyllum. 




16. 


Duncan has found tabulie and vesicles in P. rugosus, 
E. and H., and includes genus under Cyathophyllum. 


Combophyllnm. 




16. 


The spines are short and represent septa in lowest 
stage of development. 


Acanthocyclus. 




17. 


An appearance of simple dissepiments may be pro- 
duced near wall by branching of tabulie. 


1. Zaphrentis. 

2. Calophyllum. 




18. 


Principal septum dwarfed and in fovea. The three 
others strongly developed, thus forming a cross. 


Polyc<Blia. 




19. 


Quite generally regarded as synonymous with Am- 
plexus. 


Amplezus. 




20. 


Septa are formed of regularly superpasod meuibrani- 
xorm layers, non-continuous, wit!i supporting 
growths. 


Cyathophyllum, (sim- 
ple forms of helian- 
thoides). 




21. 


Broad, shallow vesicles may be formed by incom- 
plete continuity of tabulae. 


Amplexus. 




22. 


Has not been considered as a rugose coral, but its 
characters bring it into this group. 


CyatliophylloidesXcom- 
pound forms). 




23. 


This genus is placed intermediate between Amplexus 
and Zaphrentis in regiird to its septal development. 


1. Amplezus. 

2. Zaphrentis. 




24. 


Composed of superposed laminsB impres.sed with the 
cell pits. 


Strombodes. 
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DisrrixouisHiNO characteristics. 


UI6B. 


lAIIICI. 


DISTftlBUTIOI. 




1. Absence of tabulas and dissepimental struc- 
tures. Columella forms a sinsrle, continuous 
rod. 2. Character of base and columella. 


Sihir., 
Carbon. 


Carbon. 


Europe, 
America. 




Epitheca wanting at the base. Septa seem- 
insrly in multiples of six. 


Silur. 


SUur.CNiag.) 


America. 




Total absence of tabulas. Wall is thin and 
funnel-shaped. Secondary septa very short. 


Carbon. 


Carbon. 


Europe. 




More completely developed septa and hence 
more shallow calyx. 


Silur. 


Silur. 


Europe. 






Recent. 


Recent. 






Character of base and columella. Recent. 


Recent. 


Recent. 


America. 




1. Considered synonymous by some. 

2. Calyx very deep ; septa complete only near 
base. 


Silur., 

Devon., 

Carbon. 


SiluT. 


Europe, 
America. 






Silur., 
Carbon. 


Carbon.(Per- 
mian.) 


Europe. 




Difficult to separate and considered synony- 
mous by some. 


Silur., 
Carbon. 


Silur. 


Europe. 




Simple,bowl-8haped or short conical. Absence 
of tabulae. 


Silur. 


Silur. 


Europe. 




But one fovea, indistinct, which with the three 
principal septa form a cross. 


Devon. 


Devon. 


Europe, 
America. 




1. Absence of epitheca. Much lonfirer septa. 

2. Distinct fovea, to which septa are pinnate. 
No epitheca. 


Devon. 


Devon . 


Europe. 




Has four foveee which form an indistinctly 
defined cross. 


Devon. 


Devon. 


Europe, 
America. 




Well developed epitheca. Septa are much 
shorter, leaving a broad, smooth, central 
area. 


Devon. 


Devon. 


America. 




Presence of epitheca. Fovea is indistinct, 
septa radiate and strouerly granulated on 
faces. 


Silur. 


Silur. 


Europe, 
America. 




Simple or aggregated, sub-conical to cylindri- 
cal in form. Tabulse quite well developed. 


Silur. 

Silur., 

Devon., 

Carbon. 

Silur., 
Devon. 


Silur. 


Europe. 




1. Shorter septa and less pronounced fovea. 

2. Fovea present. Regarded as including this 
genus. 


Low.Carbon. 


Europe, 
America. 




Lengthened fovea containing dwarfed sep- 
tum. Weaker development of tabulae. 


Silur. 


Europe, 
America. 




Has no fovea, but this is quite generally con- 
sidered as non-distinctive. 


Silur. 


Silur. 


Europe, 
America, 




Septa are not vertical plates but formed of su- 
perposed layers. Tabulte absent. Interseptal 
cavities very narrow near wall. No carina*. 


Silur., 
Devon. 

Devon. 

Silur. 

Silur. 


Devon. 


Europe, 
America. 




Septa consist of mere ridges over the tabula*. 
Tabulse are quite oblique. 


Devon. (Cor- 
nif.) 


America. 




Stron/fer and more numerous tabula'. SepU\ 
ordinarily are not so complete ; at times rudi- 
mentary. 


Silur. 


Europe, 
America. 


1. Not always .simple. Longer septa. 

2. Shorter septa. Not always simple. 


Silur. 


Europe. 




1 

False columella. 


Silur. 


Silur. 


Europe. 
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GENUS. 


FOUNDER. 


TYPE. 


GROWTH. 






• 
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r 
a 
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ft. 
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a 
« 

S 

• 
■ 

dl 


25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
36. 

36. 

37. 

38. 

39. 

40. 


Densiphyllum. 


Dybowski, 1873. 


D. THOMBOXI. 


Simple or fas- 
ciculate. 






Grewingkia. 


Dybowski. 1873. 


0. (CLISIOPHYL- 
LUM) BUCER08, 
EICHW. 


Simple. 






Heterophrentis. 


Billingrs, 1876. 


H. 8PATIOSA. 


Simple. 






LOPHOPHTLLUM. 


Edwards and 
Haime, 1860. 


L. KONINCKI. 


Simple. 






Menophyllum. 


Edwards and 
Haime, 1860. 


M. TENUIMAROIN- 
ATUM. 


Simple. 






Metriophyllum. 


Edwards and 
Haime. 1860. 


M. BOUCHARDI. 


Simple. 






Palseophylluin. 


Billing, 1868. 


P. BU008UM. 


Fasciculate or 
a^grregate. 


1 




Pentaphyllum. 


De Koninck,1872. 




Simple. 


— H 




Phryganophyllum . 


DeKoniuck,1872. 


• 


Simple. 




■ 
< 


Polydilasma. 


Hall. 1862. 


P. TURBINATUM. 


Simple. 




-1 


• Ptychophyllum. 


Edwards and 
Haime, 1860. 


P. 8TOKB8I. 


Simple. 


1 


X 

III 


Pycnophyllum. 


Dybowski. 




Simple or com 
pound. 




■ 


Pycnofltylua. 


Whiteaves, 1884. 


P. OUBLPUBXSI8. 


Afirsrreffate. 


—I 


■ 


*• Siphonaxis. 


Dybowski, 1878. 


8. TUBIFBRUS. 


Simple. 




Streptklasma. 
(Streptoplasina, 

Hall) 


Hall, 3847. 


8. BXPAN8UM. 


Simple. 






Zaphrentis. 
(Caninia, Mich.) 


Rafinesque and 
Clifford, 1820. 


z. (caninia) PAT- 

ULA, MICH. 


Simple. 






■ 

s 

o 

£ 

a 
o 
c 
o 

£ 

■ 

s 

n 

CO 


41. 
42. 
43. 

44. 
46. 
4G. 
47. 
48. 


Acanthophyllum. 


Dybowski, 1874. 




Simple. 






t ACERVULARIA. 

(Astnea. Lain.,par8.) 


Schweigr?er.l820. 


A. B(EMERI. 


Astranform 
or fascicu- 
late. 






ACROPHYLLUM. 


Thompson and 
Nicholson. 1876. 


A. (CLISIOPHYL.- 
li U M) O N E I - 
D.KNSE, BILL. 


Simple. 






Aspidophyllum. 


Thompson. 1874. 




Simple. 






AULACOPHYLLUM. 


Edwards and 
Haime. I860. 


A. (caninia) sul- 
catum, d'orb. 


Simple. 






Aulopliyllum. 


Edwards and 
Haime, 1860. 


A. EDWARDSI. 
DUN. AND 
THOMP. 


Simple. 






AXOPHYLLUM. 


Edwards and 
Haime, 1860. 


A. EXPANSUM. 


Simple. 






Blothrophyllum. 


Billinsrs. 1869. 


B. DECORTICA. 
TUM. 


Simple or in 
ctespitose 
clusters. 




n 




'ung 
LinTi 
tsof 


ia, (pars) Lam. ; Fun 

Strom state.s tliat thi 

an indeterminate c< 


writes, (pai-8) Sell lot 
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ed upon silicified a 
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INCREASE. 


FORM. 


WALLS. 


EPITHECA. 


COSTJ£. 


CALYX. 




Ova, calicinal 
firemmation. 


Sub-cylindrica] 
or car\'ed con- 
ical. 


• One. 


Plainly de- „ 
veloped. ^«^"- 


Little deepened. 




Ova. 


Conical. 


One. 


Plainly de- 
veloped. 


Present. 


Bather shallow. 
Kiiob-like eleva- 
tion at center. 




Ova. 


Turbinate. 


One. 


Present. 


Present. 


§ — - 
Large and deep. 




Ova. 


Conical. 


One. 


Complete. 


Strong. 


Moderately deep. 
Strong projection 
from the center. 




Ova. 


Conical. 


One. 


Complete. 


Present. 


Larare and deep. 




Ova. 


Turbinate. 


One. 


Complete. 


Present. 


Moderately deep. 




Ova, lateral gem- 
mation. 


Sub-conical. 


One, 
thick. 


Well de- 
veloped. 


Present. 


Ratlier deep. 




Ova. 


Turbinate. 


One. 










Ova. 


Turbinate, short 
pedicled. 


One. 






Deep. 




Ova. 


Turbinate. 


One. 


Present. 


More or less 
distinct. 


Broad,margin 
thick, deep cen- 
tral pit. 




Ova. 


Short conical. 


One. 


Rathe r 
well de- 
veloped. 


Distinct and 
broad. 


Basin-like. More 
or less deepened. 




Ova, firemmation. 




One. 










Ova, calicinal 
firemmation. 


Cylindrical, 
slender. 


One. 


Present. 


Present. 






Ova. 


Conical. 


One. 


Present. 








Ova. 


Conical, or con- 
ico-cylindrical. 


One. 


Well de- 
veloped. 

Thin. 


More or less 
distinct. 
Pinate. 


Moderately deep. 




Ova. 


Turbinate, con- 
ical or couico- 
cylindrical. 


One. 


Plai n 1 y 
marked. 


Deep, generally 
with thin mar- 
firins. 




Ova. 


Sub-cylindrical. 


One. 










Ova, calicinal 
firemmation. 


Prismatic or cy- 
lindrical. 


One, or 
two. 


I'reseiit^lNO 
asacoiimiou 
covering. 


Present. 


Abrupt central pit 
with explanate 
marfiriiiR. 




Ova. 


Turbinate or 
conico-cylin- 
drical. 


One. 


Thin. 


Present. 


Rather deep with 
generally a strong 
projection. 


{ 


Ova. 


Turbinate or 
conico-c y 1 i n- 
drical. 


One. 


Complete. 


Distinct. 


Rather s)i allow, 

Uehnet-shaped 
eiuhience at center. 




Ova.. 


Turbinate, coni- 
ical. 


One. 


Praseiit. 
Complete. 


Distinct. 


Rather deep and 
spacious. 




Ova. 


Couico-cylindri- 
cal, curved. 


Two. 


More or less 
distinct. 


Deep, thin around 
peri pi lery, Central 

cu|>-ftha|>»4l prujectioii. 




Ova. 


Turbinate. 


Two. < 


Complete. 


Present. 


Moderately deep- 
ened, circular or 
HliKhtly<leform*d 


( 


Ova, calicinaK 
gemmation. 


L'onico-cylindri- 
cal. 


• 

^ne. 


Ihiii, com-, 
plete. 


Present. 


More or less deep* 
ened. 



t (?)Medn.sR»phyllum. Roemer; (?) Asterocyclus, Vanuxem. 
Astneophyllum. Nicholson and Hinde (1874). is now considered by Mr. G. J 
Hiiide as a silicined and weathered Stromb<Mies. 
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FOVE^. 



SEPTA. 



25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

36. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 



None indicated. 



Seemingly none. 



One, well defined. 



One, quite well marked. 



One, well marked. Two 
smaller lateral ones. 



Regularly radiate ; thoee of first order always reach 
center: secondaries much shorter. 



Regularly radiate, very strong, equal. Extend to 
false columella. 



Sharp edged, sub-equal or alternating, inner edares 
twisted together frequently. Generally rounded 
near wall. 



Extend nearly to center, small secondaries are gener- 
ally present. 



None indicated. 



One is present. 



None indicated. 



One, whicli is generally 
well marked. 



Thin, straight and alternating. Pinnate in one-half 
of calyx, in other half short and radiate. 



Well developed, primaries reaching center and curv- 
ing some. Secondaries rudimentary. 



Radiate, alternate. Primaries unite towards center 
and are irregularly twisted. 



Numerous. Principal septum small and placed in 
fovea. 



Numerous. 



Numerous, thin, rising in pairs. Alternating, longer 
reaching center. 



Radiate, alternate, broad. Generally anerular towards 
the outer area. Primaries reach center. 



Radiate, alternate ; primaries reaching center. 



Radiate in the calyx ; each order extending into the 
columella. Each septum formed of two layers. 



One, which may be ob- Radiate, alternate. Primaries extend into central 



scure or obsolete. 



One, large and deep. 



None indicated. 



One, well marked. 



One, well marked. 



structure. 



Variously formed, equal or alternating. Primaries 
generally reach center. Thickenea towards the 
wall. 



Well developed. Side faces are supplied with thorny 
growths. 



Radiate, alternate. Primaries extend to near center, 
secondaries to pit with thickened extremities. 
Carinae sometimes occur. 



Well developed, alternating, lamellar: usually pro- 
longed over surface of tabulft} to center as curved 
strite. 



Numerous, sub-equal or alternating. Primaries ex- 
tending only to central area. Delicate in outer 

la 



vesicular zone. 



One, distinct, in form of 
a narrow groove. 



Numerous, well developed, thick. Radiate in one- 
half of calyx, in other half pinnate to fovea. 



Variable in size, but Well developed, alternate. Primaries extend to cen- 

' tral area and giveri.se to curved plates which fold 

around columella and form the inner wall. 



usually well marked. 



One, little deepened. 



Generally alternating in length and thickness 
Septa extend from outer wall to center. 



One, generally distinct. 



Radiating and strong in the intermediate area. Rudi- 
mentary on the projecting surfaces of the cell cups. 



1 



I 



.__J 
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DISSEPIMENTS. TABULA. 


CENTRAL AREA. 




Outer zone of structure- 
less sclerenchyma ; 
probably vesicular. 


Variously formed and ex- 
tending only to peripheral 
zone. 


Septa not twisted at center. 




None. 


Nearly complete. Strongly 
convex upwards. 


Large, spongy columella. 




None. 


Apparently but a single one 
forming floor of calyx. 


Smooth or with a pseudo-col^ 
umellar structure. 




No true yesicular 
structure. 


Convex, irregular. Complete 
with more or less inter- 
ruption. 


Centra], compressed, non-cou<^ 
tinuous columella. 




None. 


Elevated an dc re scen^ 
shaped in one-half of 
calyx. 


Smooth, no columella. 




No true vesicles. 


Horizontal, well developed. 


No columella. 




None. 


None or rudimentary. 


A false, spongy columella. 




















None. 


Obsolete or rudimentary be- 
low base of cup. 


Primaries become compli-^ 
cated or contorted. 




Cyoarse and formed 
mainly by the contin- 
uous cell cups. 


Cell cups form distinct tab- 
ulse through the center. 


False columella formed by 
twisting of primaries. 




Thick, structureless 
endotheca in periph- 
ery. 


Not extending across the en- 
tire visceral cavity. 


No columella. 




None. 


Horizontal and embracing. 








Plainly developed and ex- 
tending to the wall. 


Columella^present and formed' 
of little tubes. 




No true dissepiments. 


Someti mes complete, but 
usually poorly developed 
and even obsolete. 

Generally complete and well 
developed. Horizontal. 


A spongy central core occu^ 
pies the axis. 




No true vesicles. Indi- 
cated by branching 
tabulse. 


Septa may be slightly twisted^ 
No columella. 




Present in periphery. 


Present in central area. 






More or less developed. 


Incomplete and rather 
poorly developed. 


Septa generally leave a free 
open space. 




Remote, anirular, but 
becoming dense in 
outer zone. 


Strong, non-vesicular, in- 
complete. Elevated and 
twisted. 

Contined to center, close-set, 
vesicular. Somewhat con- 
cave upward. 


Conical, obliquely contorteck. 
eminence. 




Minute vesicular tis- 
sue in periphery. 


Elevated. Formed by tabu^ 
Ife and a few radial, ver« 
tical plates. 




Very simple if any. 


Moderately developed. 


No columella. 




More or less developed. 


Confined to central area, thin 
and irregularly horizontal. 

Strong, remote and confined 
to center. 

Frequently complete and 
formed of the cell cups; 
flat at center. 


A tube-like, nearly central an<^ 
columellar-like wall. 




Rather coarse in exter- 
nal area. 


A comparatively gigantic^ 
strong columella. 




Very simple if present 
at all. 


Smooth, or with septa reach- 
ing center as low ridges. 
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MISCEI.I.ANEOU8. 


VEAU8T EEUTIITBS. 




25. 


Dybowski did not determine the nature of the outer 
zone. Provisionally placed in this division. 


Pycnophyllum. 




26. 


The columella is formed by manifold, irregular twist 
Inff and anastomosing: of the primary septa. 


Streptelasma. 




27. 


Bottom of calyx may be smooth, have a conical tu- 
bercle, a small ridgre or a variously formed columel- 
lar projection. 


Zaphrentis. 




28. 


Columella is generally in continuity with small sei^ 
tum in fovea and sometimes with opposite, pri- 
mary septum. 


Cyathazonia. 




29. 


Principal septum in principal fovea, towards which 
is turned the concavity of the crescentiform tab- 
u1b9. 


Amplexus. 




80. 


Septa are arranged in four groups but no cross is 
formed. 


2^phrentis. 




81. 


Loosely aggregated in its growth. 


Streptelasma. 




82. 


Thetwosepta bounding the fovea and the three prin- 
cipal septa strongly developed. Sometimes but four 
strongly developed septa occur. 


1. Phryganophyllum. 

2. Polyccelia. 




88. 


Four large principal septa form a right^ngled cross. 


PoIyctBlia. 




84. 


One septum of each pair stronger than the other. 


Zaphrentis. 


, 


^5. 


The septa are formed by a sharp infolding of the con- 
tinuous cell cups. Type has radiciform processes. 


Omphyma. 




86. 




Densiphyllum. 




87. 


Not more than two or three ascending stems pro- 
. duced. 


Amplexus. 


1 


^8. 


The fine tubes formmg the columella are branched 
and anastomosed. 


1. Streptelasma. 

2. Grewingkia. 




89. 


The spongry core seems to be formed by contortions 
of the septa and the introduction of additional 
structure. 


1. Palsdophyllnm. 

2. Grewingkia. 




40. 


Tabulffi are frequently deflected downwards near the 
wall. Fovea is formed by a coalescence of septa. 


1. Amplexus. 

2. Cyathophylloides. 




41. 


• 


Ueliophyllum. 




42. 


A secondary wall is indicated about the pit by a 
thickening of the septa. A true wall seldom occurs. 


1. Endophyllum. 

2. Cyathophyllum. 




48. 


Central eminence is formed entirely by the elevated 
and twisted tabulro and not by the septa. 


Koninckophyllum. 




44. 


The vertical plates of the central area are quite inde- 
pendent of the septa. Median one is stronger and 
in fovea. 


1. Dibunophyllum. 

2. Clisiophyllum. 




45. 


The pinnat« septa may, alternately, intercross at the 
bottom of the fovea. Flexuous and irregular. 


• Hallia. 




46. 


The inner wall divides the visceral chamber Into a 
central, columnar and an outer, annular area. 


Cyclophyllum. 




47. 


Columella is formed of numerous, vertical, spirally 
twisted lamellae. 


Lonsdaleia. 




48. 


Distinctly made up of a series of invaginated cell 
cups with projecting edges. Wall is frequently 
absent. ' 


Cyathophyllum. 





• From an examination of A. mitratum, Dr. Lindstrom considers the genus of 

•doubtful value. Mr. G. K. Greene has in his possession over a hundred specimens 

the type. A. sulcatum, from the Falls of the Ohio, which he writes proves the 
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DISTINGUISHING CHABACTBBISTICS. 



Regarded as synonymous by Zittel and Lind- 
Strom, but retained by Thompson. 



TabuIsQ stronsrly convex upward. Large col- 
umella projecting in the calsrx; character 
of which differs from that of Streptelasma. 



RAIOE. 



Silur. 



Pseado-columella generally present. Appar- 
ently but a single tabula. 



Tabul» complete. Non-continuous columella 
in contact with two of the principal septa. 



Silur. 



Devon. 



Presence of the three foveie and the crescent- 
iioim tabulae. 



The quadrifascicular arrangement of the 
septa. 



Differs simply in being compound. 



1, 2. Principal septum is stunted and in fovea. 
Bounding septa and three other principal 
septa strong. 



Much weaker development of tabulsB. 



False columella, single fovea, and general ab- 
sence of radiciform processes. 



Zittel and Lindstrom include Densiphyllum 
under this genus. 



Devon., 
Carbon. 



Carbon. 



Devon. 



Silur. 



Carbon. 



Carbon. 



Silur. 



Silur., 
Devon. 



SUur. 



Corallum is branched. 



Silur. 



1, 2. Columella is composed of fine, anasto- 
mosing, branching tubes instead of being 
spongy. 



1. Growth is simple. 

2. See Grewingkia. 



1. More completely developed septa and fovea. 
2. Simple. See also Heterophrentis, Polydi- 
lasma, etc. 



Instead of carinse the side faces of the septa 
have thorny outgrowths. 



1. Septa complete in outer area. Epitheca 
well developed. 2. Inner wall present or in- 
dicated. Septa shorter.^ 



Columella is in the form of a vertical plate in- 
stead of a compressed median rod. 



1. The central area is not completely divided 
by a strong median lamella. 2. Eminence 
helmet-shaped, character of tabulate area. 



Silur. 



Silur., 
Devon. 



Silur., 

Devon., 

Carbon. 



Silur., 
Devon. 



Silur., 
Devon. 



Devon. 



lAIUUl. 



Silur. 



DHTMBUTIOI. 



Europe. 



Silur. 



Devon. 
(Comif.) 



Carbon. 



Carbon. 



Devon. 



Low. Silur. 



Carbtm. Europe. 



Europe. 



America. 



Europe, 
America. 



Europe. 



Europe. 



America. 



Carbon. 



Silur. 
CNiag.) 



Silur. 



Silur. 
(Niag.) 



Fovea is not replaced by a principal septum. 



No columellar structure within inner wall; 
composed of radial lamellsB united by vesic- 
ular structure. 



Simple. Septa better developed in outer aroa 
and reaching the outer wall. 



Low. Car. 
bon. 



Silur. 



Europe. 



America. 



Europe, 
America. 



Europe. 



America. 



Silur. 



Devon. 



Silur. 



Devon. 



Devon. 



Europe. 



Europe, 
America. 



Europe, 
America. 



Europe. 



Europe, 
America. 



Europe, 
America. 



Silur., 
Devon. 



Low. Car- 
bon. 



Devon., 
Carbon. 



Stronger projecting cell cups ; moro rudimen- 
tary septal and vesicular development. 



Carbon. 



Silur., 
Devon. 



Devon. 



Carbon. 



Carbon. 



Devon. 



Europe. 



Europe, 
America. 



Europe, 
America. 



Europe, 
America. 



America. 



genus to have been founded upon a Cyathophyllum. Prof. James Hall has re-^ 
lerred eleven species to the genus. 
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GENUS. 



49. 



60. 



51. 



62. 



Gampophyllum. 



Carcinophyllum. 



Chonaxis. 



63. 



64. 



CLI8IOPHYLLC7U. 



Craspbdophyllum . 
(prep idophyl I u m 
Xich. and Tnom.) 



• Ctathophtllum. 



66. Cyclophyllum. 



& 

o 

a 
o 
c 



■ 

1 

< 

Ik 



66. 



Cymateophyllum. 
(Kumatlophyllum.) 



67. Dibunophyllam. 



68. 



Dinophyllum. 



FOUND£B. 



Edwards and 
Haime, 1860. 



TYFIS. 



Thompson and 
Nicholson, 1876. 



Edward s and 
Haime, 1861. 



Dana, 1846. 



Dybowski. 1873. 



Goldfuss, 1826. 



Duncan and 
Thompson, 1867. 



C. (CYATHOPHYI/- 
LUM) FLBXUO- 
8UM, OOLDF. 



GROWTH. 



C. VEBNEUXLI. 



C. CONI8BPTUM, 
KEYS. 



C. (DIPHYPHYL- 

lum) archiaci. 

BILL. 



C. DLAKTHU8. 



Thompson and 
Nichol8on,1876. 



c. (aulophyl- 
lum) bowbb- 

BAXKI, E. & H. 



Thompson and 
Nicholson, 1876. 



Simple. 



Simple. 



AstrsBlform. 



Simple. 



Simple or fas- 
ciculate. 



Simple, fas- 
ciculate, or 
astrseiform. 



Simple. 



Lindstrom. 



69. • •Diphyphyllum. 



60. 



61. 



62. 



63. 



64. 



66. 



66. 



67. 



68. 



69. 



70. 



71. 



72. 



Endophyllum. 



Hallla. 



Hbliophyllum. 



Holocystis. (Tetraco- 
cosnia. Lonsd.) 



Koninckophyllum. 



t LiTHOSTEOTION. 



Lonsdaleia. (Stylido- 
phyllum, Prom.) 



Omphyma. 



Pachyphyllum. 



Phillipsast&sa. 
$(Smithia,£.andH.) 



ttPholidophyllum. 



Rhodophyllum. 



Spongrophyllum. 



Lonsdale, 1846. 



Edwards and 
Haime, 1861. 



Edwards and 
Haime, 1860. 



Hall, 1846. 



Lonsdale, 1849. 



Thompson and 
Nicholson,1876. 



Lhwyd, 1699. 
Fleming, 1828. 



McCk)y, 1849, 



Rafinesque and 
Cliflford, 1820. 



Edwards and 
Haime, 1860. 



D'Orbiamy. 1849. 



Lindstrom, 1870. 



Thompson, 1874. 



Edwards and 
Haime, 1861. 



D. INTOLUTUM. 



D. CONCINNUM. 



B. BOWERBANKI. 



H. INSIONIS. 



H. HALLI, B. AND 
H. 



'Simple. 



Simple. 



Simple. 



Fasciculate. 



AstrsBiform. 



Simple. 



h. (cyathopho- 
ra) blboans, 

LONSD. 
1 



L.BA8ALTIFORMB, 
FLEM. 



Simple or fas- 
ciculate. 



Astraaiform. 



Simple or fas- 
ciculate. 



Fasciculate or 
astrsBiform. 



L. D u PL I c A T A, Fasciculate or 

astraeiform. 



MART. 



o. (madrbpora) 

TURBINATA, 
LINNS'. 



P. BOUCHARDI. 



P. HBNNAHI. 






Simple. 



Simple or as-, 
tneiform. I 



Astrffiiform. 



Composite. 



Simple. 



a. 8BDOWICKL Astr»iform. 







. um, Traut- 
astrsea, McCoy; 



A chart of the Rugose corals, — Sherzer, 



291 



INCR£ASK. 



iOva. 



Ova. 



Ova, gemmation. 



Ova. 



Ova, lateral gem- 

I mation. 

I 

I Ova, lateral, calic- 
inal gemmation. 



Prismatic. 



Turbinate or 
CO ni co-cylin- 
drical . 

Cylindrical or 
conicoKjylin- 
drical; 



Ova. 



Ova. 



Ova. 



Ova. 



Ova. lateral and 
calicinal gem- 
mation. Fission. 



Ova and gemma- 
tion. 



Ova. 



FORAI. 



Conical or sab- 
cylindrical. 



Conico-cylindri- 
cal and cor- 
nute. 



WALU 



One. 



One. 



One, 
inner. 



One. 



Two. 



EPITHECA. 



Complete. 



Present. 



COST^. 



CALYX. 



jDeep : smooth fiat 
center. 



Complete. 



Complete. 



Conical, cylin- , 

drical or pris- One. .Complete, 
matic. 



Couico- cylindri- 
cal. Tall. 

Conico-cyliudri- 
cal. Tall. 



Two. iThin. 



One. 



Thin. 



Turbinate or 
con ico-c y 1 i n-'One. 
drical. 



Conical. 



Complete, 
, thin. 



One. Present. 



Present. 



Variable, sometimes 
I everted. 



Present. 



Distinct. 



Variable, circular. 
Center has a promi- 
nent conical boss. 

Moderately deep with 
i small flat center. 



Distinct. Deepened. 



Present. 



Present. 



Present. 



Deep, with thin edges. 

' Shows a secondary 

circular cup. 

Circular, shallow, 
I more or less evert- 
I ed. 

Usually shallow. Has 
a rounded eminence. 



Two. 



Complete, 
thin. 



Cylindrical. 

Sub -cylindrical 
to prismatic. 

Turbinate to! 
conico-c y 1 i u- One. ' Present, 
drical. 



Strong. 



Distinct. i Moderately deep. 



Two. Absent. 



Ova and calicinal 
gemmation. 

Ova, eztra-calic- 
inal gemmation. 

Ova,calicinal 
gemmation. 

'Ova, calicinal and 
lateral gemma- 
tion. Fis sion. 

jOva, calicinal 
' gemmation. 



Turbinate to 
conico-c y 1 i n- 
drical. 



Distinct. 



Prismatic. 



Ova, 



Ova, lateral gem 
mation. 



Ova, sub-margin- 
al gemmation. 



Ova, calicinal 
' gemmation. 



Ova. 



Ova and gemma- 
tion. 



Complete, j 
One. . usual lylDistinct. 
thill. 



One. Absent. 



Various,sekiom deep. 
, Sometimes with pro- 
jecting bottom. 

Well devel- Sub-polygonal. A 
nnAH simple, thick mural 

opea. ridge. 



Conical, cyhii- Complete. „ Moderately deep, 
drical or com- One. , .J^ ', Present. Contains a projec- 
co-cyhiidncal. thin. tion from center. 

Distinct. Moderately deep with 
strong projection. 



Cylindrical or 
prismatic. 



Cylindrical or 
prismatic. 



Turbinate. 



Prismatic. 



Prismatic. 



Conico-cylindri- 
cal. More or 
less curved. 



One. Complete. 



One or 
two. 



Complete. 



Distinct. 



One. 



More ori 
less de-' Present, 
vol oped.' 



Present as. Distinct on 
None. ; a common! outer cor- 
I covering.! allites. 



Present as Present on 



One? , a common 
covering 



One. Present. 



Prismatic. 



One. 



Complete , 
I thin. 



One. Present. 



outer cor 
allites. 



Present. 



Present. 



Of moderate dimen- 
sions with a pro- 
jection. 



Generally deepened 
with a smooth bot- 
tom. 



Small, pit-like, sur- 
rounded with a rim. 



Margins expanded, 
central pit with rim. 



Circular,shallow.con- 
tAins a dome-shape 
boss. 



t Includes Nematophyllum, McCoy; Stylaxis, McCoy; Siphonodendron, McCoy; 
Fetalaxis, E. and H. ; Stylina, Lesueur ; Lithodendron, Phil. : Axinura, Castelnau: 
Stylastnea, Lonsd.; Acrocvathus. D'Orb.: Lasmocyathus, D'Orb. ; Astnea, (pars) 
Lam. ; Arachnium. Key. ; NemaphvUum, McCoy and Lithostrotium, Broun. 

ft Includes Tryplasma, Lonsd.; Scarithodes, Dyb. and Acanthocyclus, Dyb. 
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FOVEiE. 



49. 



One is occasionally present. 



50. One is present. 



61. 



52. One, more or less distinct. 
* 53. 



64. 
66. 



A wide fovea is srenerally 
present. 



Not distinct but occasionally 
present. 



One, variable in size, but 
well marked. 



56. One, well marked. 



67. 
68. 
69. 
60. 
61. 
62. 
63. 
64. 
66. 
66. 
67. 
68. 



One, well marked. 



Present as a narrow groove. 



Obscure or obsolete. 



None indicated. 



None. 



One, more or less distinctly 
developed. 

One, deep. 



Occasionally one. 



One is sometimes incon- 
spicuonsly present. 



Obscure or none. 



Four.althonarh three are sel- 
dom distinct. 



Obscure or none. 



69. Rudimentary or obsolete. 



70. 



71. 



SEPTA. 



Short, alternating, fall considerably short of center. 
Secondaries quite marginal. 



Well developed, altematinir. Do not extend to center. 



Lamellar and well developed towards center. But 
slightly or not at all prolonged into vesicular area. 



Well developed, alternating. Primaries never ex- 
tend further than outer edge of central boss. 



Well developed, alternate; with denticulate edges. 
Primaries join the two walls. Secondaries shorter. 



Well developed, radiate, equal or altematiniar. Pri- 
maries extend to center. Side faces and edges 
smooth. 



Numerous, well developed, alternate. Primaries ex~ 
tend to columellar wall. Thin in the outer area. 



Usually thin, alternating. Flexuous in outer area^ 
Primaries extend only to outer margin of central 



area. 



Well developed, generally of two orders. Primaries 
always fall short of central area. Secondaries short 
or wanting. __^ 



Meeting at the center and forming an elevated and 
columella like whorl. 



Radiate, alternate. Primaries seldom reach the cen 
ter ; secondaries generally enter the tabulate area. 



Septa project but slightly outside of well marked in- 
ternal wall. Alternating, flexuous. 



Well developed, alternate. Regularly radiate in one 
half of calyx, in other half pinnate to large prinoi 
pal septum. 



Well developed, alternate, radiate. Primaries ex- 
tend to center or its immediate vicinity. Fre- 
quently flexuous. • 



Sliffhtly exsert, closely set, very thick exteriorly. 
Not reaching center. Slightly granulated laterally. 



Well developed but always fall short of columella. 
Thin and delicate in vesicular zone, but reachmg 
wall. Alternating. ___— 



Radiate, alternate. Various in extent, sometimes 
reaching columella. Sides smooth, not denticulate. 



Generally alternating. Rudimentary or obsolete in 
vesicular area. Primaries ordinarily do not reach 
columella. 



Numerous, equal or alternating. Broad, with tent- 
shaped crest in calyx, at nmes sharp, seldom 
rounded. 



Well developed, alternate. Poorly developed in ves- 
icular zone. More or less thickened about pit. 
Somewhat confluent in neighboring corallites. 



Alternate, primaries unite at the center. Secondaries 
terminate at rim of calicinal pit. 



Equal. 



Onfl wAll marked in cross Alternate. Primaries extend only to outer edge of 

Lme, well marxea m cross ^or»*i.al >^fta«- aaf*nnAnr\t^a BnmAtimAR finn.rftAlv ob- 



section. 



central boss; secondaries sometimes scarcely ob- 
servable. 



72. None indicated. 



Numerous, very slender, confined to central area. 
Generally lost in the outer vesicular zone. 



n 
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DISSEPIMENTS. 



True yesicular outer 
zone of variable 
width. 



Present throuffhoutthe 
coral lum. 



DeuRO vesicular zone in 
external portion. 



Minute vesicular tiwtue 
arraufired in inclined 
rows. 



Developed to a theater 
or lesN extent lu out- 
er area. 



(lenerally well devel 
oped. 



TA1IUL..«. 



Well developed, extending 
over larsre central area but 
not to wall. 



CENTRAL AREA. 



Loose, vesicular and rudi- 
mentary. 



Limited to central area. 



Present as central, very deli 
cate, elevated, inosculat- 
ing plates. 



Confined to central tulw?-! ike 
cliannel. Horizontal or 
sIlRThtly inclined. 



Present in outer area. 
Delicate and irregu- 
lar at renter. 



Form a dense zone in 
outer area. 



Scanty in central area, 
abundant in outer. 



Confined to a narrow 
peripheral zone. At 
times a single row. 



Much developed and 
coarse outside of in- 
ner wall : finer within. 



More or less developed. 



More or less developed 
Sometimes nearly 
absent. 



Simple, horizontal or 
slightly convex. 



Numerous, close-set; 
forming a dense out- 
er zone. 



Small and delicate in 
cmterarea. Do not in 
terfere with septa. 



Incomplete, confined to a 
central area of various ex- 
tent. 

Irresrular, incomplete, vesi- 
cular and anastomosing. 
Elevated at center. 



Tabulie smooth, fiat and free 
from septa. 



An elongated, slightly raised, 
central boss. 



lamellar columella. 



Continuous, columellar lam- 
ina. 

Distinct secondary wall. En- 
tire or horse-shoe shape<1. 

Septa may become twisted. 
No columella. 



Confined to cejiter, inter- 
rupted, close-set, ccmcavo. 

Central, delicate, anastomos- 
ing: elevated centrally but 
markedly concave upwards. 



Elevated toward the center. 



Well developed in broad cen 
tral area. Deflected at 
outer edges. 



Small. 



Present. 



incomplete; confined to a 
more or less extensive cen 
tral area. 



Thick, close-set, not 
plete. 



com 



Delicate, close-set, inosculat- 
ing, almast vesicular. Ele 
vated at columella. 



Large, forming an out- 
er vesicular zone. 



Coarse a n d formed 
mostly by continuous, 
plicated cups. 



Abundant in outer area, 
more or less devel 
oped at center. 



Distinct imier wall enclosing 
a loose columella. 



Raised, over which sinuous 
ridges extend to center. 



Low central eminence. 
Formed by independent, 
straiglitlamellieanu tabula. 



Elevated as in Clisiophyllum. 



Tabulse smooth, generally free 
from septa. 



Septa may or may not reach 
center. No columella. 



Inner edge of large principal 
septum simulates a colu- 
mella. 

Septa may unite with each 
other. No columella. 



Small styliform columella. 



Laterally compre.ssed, some- 
times discontinuous, colu- 
mella. 



VarloaH lii extent, frequently 1)1 
f urcatini; and IrreK^lar- Sunie 
times reiitnilly elevat ed. 

Well developed, close-set-, of- 
ten anasUunosing. Ele- 
vated ^t^colunuO|a^ 

Well developed through the 
central area, horizontal 
and smooth. 



Well characterized through 
the center. 



Present in peripheral 
area. 



Loculi filled with "like- 
formed" stereoplas 
ma. 



Outer zone of dense tis- 
sue in which septa 
are thin. 



Fill up the larger por- 
tion of the visceral 
cavity. 

22 



Laterally com pressed, rod-like, 
continuous columella. 

Large continuous columella 
formed of twisted plates. 



Flat and generally free from 
septa. No columella. 



Primary septa are thin and 
reach center. 



Wanting or rudimentary. 



Regular, equidistant. 



Irremilar,vestcular,verydeUrate, 
SiiKliily c«nicave upwards Ik?- 
tween tlie lamellar plates. 



Some small, horizontal tabu 
lie at the center. 



Weak, false columella. 



F(»rme<l by tiibula* and a few 
vertical, spirally twisted 

p lates . 

No columella nor inner wall. 
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MIniCKLLANKOUS. 


VBAREST EEUTITBI. 




49. 


Tho tabnls are quite simple and may be remote 
or crowded. May extend nearly to wall. 


1. Amplexus. 

2. Cyathophyllam. 




60. 


The central area is occupied with a reticulate cel- 
lular tissue. 


Centrocellulosum. . 




61. 


The internal wall is stated to be well marked. Out- 
er wall is wanting. 


Lonsdaleia. 




62. 


The central boss is formed by the conical tabular 
and a few independent vertical lamellsB, straight 
or spirally twisted. 


* Rhodophyllum. 




68. 


Side faces of the septa are carinated as in Helio- 
phyllum and some species of Acerrularia. 


1. Diphyphyllum. 

2. Heliophyllum. 




64. 


The septa may fall short of center, or in some spe- 
cies may be quite twisted. 


Heliophyllum. 




66. 


Columella is sponviose and contains some vertical, 
radiatinff. thin, discontinuous, more or less nu- 
merous, lamellae. 


Aulophyllum. 




66. 


The central area is composed of thin, irresrular* 
wavy, discontinuous, columellarian plates. 


Centrophyllum. 




67. 


Central area is bisected by a median lamella, one 
extremity of which is directed towards the fovea. 


Aspidophyllum. 




68. 


"Near the epitheca there exists a peculiar kind of 
intraseptal structure, consisting of narrow twist- 
ed strings of whitish color." 


Clisiophyllum. 




69. 


Secondary wall generally marginal and formed 
by inner faces of the vesicles. Corallites fre- 
quently connected by mural expansions. 


1. Craspedophyllum. 

2. Cyathophyllum. 




60. 


External wall rudimentarv, without epitheca; in- 
ner is sometimes double. Between the two 
structure is nearly entirely vesicular. 


Acervularia. 




61. 


The fovea is replaced by a strong principal septum 
which extends beyond the center. 


Aulacophyllum. 




62. 


Side faces of septa are supplied with carinie, ex- 
tending in a curve from the wall towards center. 
Convex upward. 


1. Craspedophyllum. 

2. Cyathophyllum. 




68. 


Septa form three complete cycla and four well 
characterized systems. Four primaries give a 
conical appearance to calyx. 


Stauria. 




64. 


Tabulate area may be more or less extended. 
When fovea is present it contains a single short 
septum. 


1. Axophyllum. 

2. Lonsdaleia. 




66. 


An internal wall, similar in character to that seen 
in Diphyphyllum, is sometimes indicated near 
the outer. 


1. Diphyphyllum. 

2. Koninckophyllum. 




66. 


A distinct inner wall is sometimes present be- 
tween the vesicular and tabulate area. Colu- 
mella is vesicular. 


1. Chonaxis. 

2. Lithostrotion. 




67. 


Septa are formed by superposed, sharp, inwardly 
directed folds of the contniuous cell cups. Rad- 
iciform processes. 


Ptychophyllum. 


- 


68. 


The septa in neighboring corallites are more or 
less confluent. 


Phillipsastnea. 




69. 


Septa are confluent in neighboring corallites, 
sometimes carinated strongly. An inner wall is 
sometimes indicated. 


Pachyphyllum. 




70. 


CostsB are arranged in pairs. Simple specimens 
show a row of rhombic scales on each half of a 
longitudinal plication. 






71. 


Calicinal boss is low, rounded and traversed by 
the few spirally twisted ridges. Has no median 
crest. 


Clisiophyllum. 


M 


72. 


Septa seem to merely striate the surface of the 
vesicles in the outer zone. 


1. Endophyllum. 

2. Lonsdaleia. 





• Tlie genera Dihunophyllum, Aspidophyllum, Rhodophyllum, CynxatcophyU 
lum, Centrophyllum, Histiophytlum and Albertta are very closely related to 
Clistophylhim, and may be separated from it and from one another only by closest 
attenuon to the details of the central area. 
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DI8TINOUISHIMO CHABACTERISTICS, 


RAIfiS. 


lAXUUl. 


BMTilBUTlOI. 




1. Tru6 vesicular structure. Incomplete tab- 
ulie. 2. Much shorter septa and weaker ves- 
icular structure. 


Devon., 
Carbon. 


Devon. 


Europe, 
America. 




Septa never reach center. Reticulate central 
structure instead of cells. 


Low. Car- 
bon. 


Low. Car- 
bon. 


Europe. 




Absence of outer wall. 


Carbon. 


Carbon. 


Europe. 




Gentrallv elevated tabulae. Calicinal boss is 
conical. VerticAl plates more numerous and 
complete at center. 


Silur., 

Devon., 

Carbon. 


Carbon. 


Europe, 
America. 




1. More nearly central and heavier inner wall. 
Carinie. 2. Inner wall and shorter septa. 


Devon. 


Devon. 


America. 




Septal faces smooth ; heavier vesicular devel- 
opment. See also Bloihrophyllum, Diphy- 
pnyllum and Acervularia. 


Silur., 

Devon., 

Carbon. 


Devon. 


Europe, 
America. 




Inner area is filled with a spons[iose columel- 
lar structure containingr vertical, radiating 
lamelliB. 


Carbon. 


Carbon. 


Europe. 




The vertical plates of the central area are not 
so plainly developed. 

Median lamella extends across central area in- 
stead of half way. Eminence is low and 
rounded. 


Low. Car- 
bon. 


Low. Car- 
bon. 


Europe. 




Low. Car- 
bon. 


Low. Car- 
bon. 


Europe. 




Septa continue to the center; character of 
interseptal structure. 


Silur. 


Silur. 


Europe. 




1. Inner wall is margrinal and weaker. No 
carinas. 2. Always compound. Inner wall, 
shorter septa, etc. 


Silur.. 

Devon., 

Carbon. 


Devon. 


Europe, 
America. 




Absence of epitheca. Septa are but little de- 
veloped between the two walls. 


Devon. 


Devon. 


Europe. 




The fovea is replaced by a stronfir septum to 
which neigrhborini; septa are pinnate. 


Silur., 
Devon. 


Silur. 


Europe, 
America. 




1. No inner wall, septa longer. 2. Presence of 
carinie, slisrhter development of vesicles. 


Silur., 
Devon. 


Devon. 


Europe. 
America. 




Deep fovea, septa very thick towards wall, ar- 
ranged in three cycla, strong costaB, no 
epitiieca. 


Cretace- 
ous. 


Cretac. 


Europe. 




1. Laterally compressed columella. Dense 
vesicular zone and fine inosculating tabula;. 
2. Septa reach outer wall. 


Carbon. 


Carbon. 


Europe. 




1. Generally iwtniMform. Presence of colu- 
mella. 2. Always conii>ound, weaker vcsicu- 
hir development and .stronger septa. 


Devon., 
Carbon. 


Carbon. 


Europe, 
America. 




1. Outer wall is present. 2. Septa weak in 
outer area.vesicies large, sub-cylindrical col- 
umella formed of twisted plates. 


Silur.. 
Carbon. 


Carbon. 


£urf)pe, 
America. 




No columella, four fovea) in type, broad cen- 
tral area, strong radiciform processes. 


Silur. 


Silur. 


Europe, 
America. 




Well characterized tabula; at the center. 


Devon. 


Devon. 


Europe, 
America. 




Tabulae at the center are obsolete or rudimen- 
tAry. 


Devon., 
Carbon. 




Europe, 
America. 


• 




Silur. 


Silur. 


Europe. 




Calicinal boss not conical. Tabula» slightly 
concave upwards. Comparatively few cen- 
tral, vertical, incomplete plates. 

1, 2. No internal wall. Septa reduced to 
mere striae in periphery. 2. No columella, 
less tabular development. 


I^iw. Car- 
lK>n. 

Devon. 


L<»w. Car- 
bon. 


Europe. 




Devon. 


Europe. 
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TS.iStaaria. 



74. * Strombodks. 



76., 



Syrinffopliylluni. 
(Sarcinula, Dana.) 



FOUNDKR. 



Edwards and 
Haime. 1860. 



Schwei(rffer,1820. 



76. Thysanophyllum. 



77. Trocliopliyllum. 



2- 

Hi 



78. Bacanophylluni. 



iCystipliorolites. 
79. (Vc»sicularia,Rom. 
I 187«.) 

CYSTIPHYLLrM. 

80., ((-(uiophylluni, 
I Ha" 



iill.) 



I . 
CI 

iUI 



Q : 



81. ("ystOHtyluij. 



82. Clisiopliylloides. 



83- Elasmopliyllum. 



84.'Microplasma. 



86. Plasuiopliyllum. 






80.,Fletclioria. 
87. Rhizopora. 



< ! 



III 



88. Anuopouia. 



89. Caloeola. 



90. (jroniopliyllum. 



91. Rhizopliyllum. 



Edwards and 
Haime, 1860. 



Thompson and 
Nicliolson, 1876. 



Edwards and 
Haime, 1860. 



Ulricli. 1886. 



Ix)nsdalo, 1839. 



Whitfield, 1880. 



Dybowski, 1873. 



Hall. 1882. 



Dybowski, 1873. 



Dybowski, 1873. 



Edwanls and 
Haime. 1861. 

DeKoninck,1872 
Lindstrom, 1883. 



I^marck, 1801. 

Edwards and 
Haime, 1860. 

LindstWim, 1866. 



TYPK. 



8. ASTB^IFORMIS. 

8. PBNTAOONUS, 
OOLDK. 

8. (HADRBPORA) 
O RG A N U M, 
LINKK . 



T. VBRNEUILA- 
NUM. 

B. ORACILB. 

C. (VB8ICULARIA) 
MAJOR, ROM. 

C. 8ILURIBN8B. 
C. TYPICU8. 



E. ATTKNUATUM. 



F. TUBIFBRA. 



A. ((' Y8TIPHYL 
LITM) PRISMATI- 
CUM. 

V. SANDAIilNA. 



GROWTH. 



Astnviform or 
subfsisci en- 
late^ 

Ck>niiaent. 



AHtrtelforra. 



Fasciculate or 
astra^iform. 



Simple. 



Simple. 

Affsrresrate or 
astnuiform. 

Simple or 
loosely atr- 
tfreifate. 

Fasciculate. 



Simple. 



Fasciculate. 



Fasciculate. 
Fasciculate. 
Simple. 
Simple. 



o. (turbinolia) 
PY R A M I dalk, Simple. 

HIS. 



R. OOTHLANDI- 
CUM. 



Simple. 
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92. •• Albertia. 



93. 



Con trocel 1 ulosum. 



94. Centrophyllum. 



96. Fasciculophyllum. 



96. Ueterophyllia. 



97. Histiophyllum. 



Thompson, 1878. 



Thompson. 



Thompson, 1880. 



Thompson, 1883. f. dybowski. 



McCoy, 1849. 



Thompson, 1879. 



Simple. 
Simple. 
Simple. 



Simple. 



Simple. 



Simple. 






•Includes Stroml)astni>a. Blain.; Laniellopora, Owen; Cylicrmora. Stein.; As- 



A c/iartqfthe Rugose ooraJU, — Sherzer. 
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1NCRKA8E. 



Ova« calicinal 
gremmation. 

Ova, Hubmarsrinal 
gemmation. 

Ova. lateral gem- 
mation. 

Ova, calicinal 
gemmation. 



FORM. 



Prismatic or cy- 
lindrical. 



WALLS. 



Laminate tl,witli 
vertical tabes. 



Prismatic. 



Ova. 

Ova. 

Ova. calicinal 
gemmation. 

Ova, gemmation. 

Ova, lateral gem- 
mation. 



Ova. 



Ova, calicinal 
gemmation. 

Ova, gemmation. 

Ova. 

Ova. 

Ova. 



Cylicindrical or 
prismatic. 



Trochoid, born- 
sliaped. 



Trumpet 
shaped. 



One. 



None. 



EPITHE(M. 


COST.'li. 


Ck>mplote. 


Wanting. 


Com m o n 
cov e r i n g 
on base. 





CAI.YX. 



One, 
strong. 

One. 
One. 
One. 
None. 



Turbinate to 
confluent. 

Various. Coni- 
cal or conico- One. 
cylindrical. , 



Cylindrical. 



Turbinate. 



Sub-cylindrical. 



One. 



One. 



Cylindrical. 

Cylindrical. 

Qua<l ran g ul ar- 
prismatic. 



One, 
'thick. 



Ova. 



Present. 




jWell de- 
\ veloped. 

Present. 



Present. 



Prob ably 
present 
and large. 

Faint. 



Gonerally rattier 
deep. 

Polygonal when 
defined. Shallow 
with central pit. 

Circular, promi- 
nent with rim; 
rath er sha llow. 

Shallow. 



Shallow. 



Deep. 



Ai)i)areiitly a Ep i t h eca Broad, shallow, or 
ililn.ci)iiiuu>ii IK costu- abrupt with cen- 



opliiK'ta. I lated. 
Complete ^Vi^*^*!:^**" 



but thin. 



Present. 



One. 



One, 
Ktrong.i 



Complete. 

Thick, 
wrinkled. 

Present. 



less d i 8 
tinct. 



Distinct. 



tral pitjind rim. 

Shal]o>v and ba- 
sin-like or deep> 
ened. 

Deep and funnel- 
shaped. 

Elevated cen- 
trally. 



Circular or slight- 
ly deformed. 
Kdges thinj^ 

Circular. 



Half-conioal; .. 'Complete,'.,. . 

sliDDer-shanpd/'"®- I hp.aw ^'""^• 



slipper-shaped. 

Quad ra ngu 1 ar- 
pyraniidal. 

Half-conical. 



■I 



One. .Heavy. 



I 



One, 
ithick. 



Complete, 
strong. 



More or 
less dis- 
tinct. 

Indistinct. 



Square; quite 
deep. 

Deep, pointed. 

Square,somewliat 
deei>ened. 

jDeep, semi-circu- 
lar, pointed. 



Ova. 

I 

Ova. 
Ova. 



('oniio-cylindri-| 
cal, curved, One. 
tall. I 

Conic'o-cylindri | 
cal, curved, One. 
small. 



Thin. 



Variable. 



Conico-cylindri- ^ ',„, . 

, . One. rinn. 

cal or cornule. 



Circular, shallow 
Present. I and sometimes 
! ev('rt4?d. 

Deep, thin aroimd 
margin. 



Present. 



Ova. 



Ova. 
Ova. 



Conirt>-i*ylindri- 
cal, curved, One. 'Variable, 
small I 

Cylindrical, ta- 
pering to a One. Stout. 

point. I 

('idiico-rvliinlri 



Circular, moder- 

Present. atelydeep.somo- 

tinu'S everted; 

Present. Variable in depth. 



„ , Shallow, with sep- 

Prommem ^u everte d. 

................... I'sually shallow. 

ral.nithfrtall. One. Usually thin. Present. more or le.ss 
emve<l. I I everted. 
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FOVKiE. 



SEPTA. 



73. 1 Rudimentary . 



74. 



75. 



76. 



77. 



78. 



79. 



80. 



81. 



Small one is sometimes 
observed. 



None indicated. 



Large and smooth. Four principal ones stronger and 
projecting unite at center to form a cross. 



Numerous, generally extending to center and uniting. 
Contined to central core. Extend over expanded calic- 
inal margins as rugaa. 



Well developed, large, projecting. Extending nearly to 
the center of calicinal pit. 



May be present. 



Rudimentary. 



Do not reach the outer wall ; equal or alternating. 



Equal, thick, straight and regularly radiate. Edges en- 
tire. Extend nearly or quite to center. 



t-E«: 



None indicated in orig- 
inal specimens. 

Quite distinct in some 
species, obsolete in 
others. _ 

None indicated or men- 
tioned. 



Fine, radiating septal strife in the calyx. 



Rudimentary. At the outer edges they appear as low, 
linear crests, gradually vanishing towards the center. 



Rudimentarir and frequently obsolete. May appear as 
rows of spines or as sharp crests, becoming rounded 
rugiu at wall. 



82. 



83. 



84. 



85. 



86. 



87. 



88. 



One, more or less dis- 
tinct. 



89. 



90. 



91. 



Present as a groove on 
curved .si tie. 

One, quite distinct on the 
slightly curved side. 

Shallow, situated on 
curved side. 



Septa are obsolete. 



Incompletely formed. 



Extend to center where they may or may not be twisted. 



Stunted ; rows of spinulose forms or small closely com- 
pressed lamellfe. 



Incompletely developed. 



Rudimentary. 



Rudimentary. 



Rudimentary, but quite distinct. Low, spiny ridges lost 
beneath the vesicles towards the center. 



Diminished to .slightly raised lengthened lines. tMnci- 
pal septum is on curved side, lateral ones at the angles. 

Numerous, thick, well developed, reaching center. Prin- 
cipal septa are somewhat raised ; situated at the mid- 
die of e a ch fl at side. 

Principal septum may be somewhat projecting in the 
fovea. The others appear only as lengthened bands. 



lU.sually small but well 
' ' marked. 



93. 



94. 
95. 
96. 



Thin, alternating. Primaries extend only to outer mar- 
gin of central area. Thin and flexuous in outer area. 



One is indicated ; small. 



One, variable, usually 
well marked. 



Alternating. Primaries exteud only to outer margin of 
cellular structure. Secondaries are minute. 



97. 



One, of variable dimen- 
sions. 

One present in lar^e va- 
rieties. 



Variable, alternating. Primaries extend onlv to outer 
margin of elevated central boss. Thin and nexuous in 
periphery. 



Alternating. Both orders extend towards center and 
coalesce, forming group.s or fascicles. 



Lamellar. Exteud from wall to center, uniting into fas- 
cicles. Not generally alternating. 



One, well marked. 



Well developed, alternating. Primaries extend only to 
outt»>r margin of central area. Secondaries shorter, thin 
and disappearing 



A chart of ike Rugose oorate. — 3herzer. 
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DISSSPIMKNTS. 


TABUUE. 


ClCNTRAl. ARKA. 




Present in periphery. 


Present in central portion of 
visceral cavity. 


No columella. 




Occnpyingr the spaces 
between the super- 
posed lamine. 


Funnel-shaped tabulsB are 
present at the center. 


No columella, but a papillose 
projection may occur. 




Present in interseptal 
and intercostal areas. 


Small, but little developed. 


Styliform columella indis- 
tinctly developed. 




Arranged in oblique 
rows. 


Confined to broad central 
area. Remote. 


Septa do not reach center. No 
columella. 






Poorly developed. 


No columella. 




Fill up visceral cavity. 

Coarse, cover the cell 
cups and more or less 
_flll up cavity. 

Occupy entire visceral 
cavity. Coarse and 
lenticular. 

Fill up entire cavity. 
Comparatively coarse. 




No columella. 




Present only as blistered, ir- 
regular cell cups. 


Smooth and iiat in calyx. 
Ridtres at times reach center. 




WantinsT or rudimentary ; 
formed by the vesicles. 


Smooth and flat. No colu- 
mella. 




Almost obsolete in type. In 
C. infundibulus. funnel- 
shaped but incomplete. 


No columella. 




Present. 








Inter lamellar cysts 
continue to center. 


Wanting. 






Coarse. 

Rows of vesicles not 
arched upward at 
center. 














Present. 


Complete, horizontal, well 
developed. 






Visceral cavity con- 
tains a meshy, vesic- 
ular structure. 








Developed much as in 
Cystiphyllum. 


Rudimentary or entirely ab- 
sent. 


No columella. Convex sur- 
faces of the vesicles are dis- 
tinct. 




Present in interseptal 
cavities. 

Present and formini? a 
vesicular structure 
with the tabulaj. 

Present in the intersep- 
tal cavities. 


None. 


No columella. 




Funnel-shaped and but little 
developed. 


No columella. 




Rudimentary or absent. 


No columella. 




Dense zone in outer 
area: sparse within. 


Interrupted and irrejfular. 
Concave at center, convex 
beyond. 


A depression exists at the cen- 
ter of calyx. 




Sparse and remote. 


Rudimentary and replaced 
by cells. 


Occupied by a system of ir- 
n^ular, minute, spheroidal 
ceilH. 




Dense in outer area; 
fewer towards center. 


Concave at center, convex in 
intermediate area. 


SliKhtly elevated, with series 
of ridges C(>n vergring towards 
center. 




Few and rectangular. 


More or less rudimentary. 


A reticulate structure is 
formed by union of the cen- 
tral septum of each fascicle. 




Fine and dense in a nar- 
row outer zone. 

Abundant in outer area, 
fewer towards center. 


Minute at center. Broad and 
convex in intermediate 
area. 


inner edges of septa form a 
pseudo columella. 




More or less remote. Crowd- 
ed and vesicular in some 
forma. 


Central Imjks raised on dorsal 
side, depressed on venti-al 
sidtscuireMpoudliig witb Ubula>. 



300 The American OeologUL May, igol 



MISCl&LIiANKOU8. 

PnrallifAii mi 

73. 



IBAUiST RSLiTIVES. 



Cyathophylloides. 



Corallites may be free in part or united by their, 
epi thecal walls. i (Compound forms.) 

Made up of a series of superposed laminaR, impressed' 



74. with the cell pits. The rwssn in some species, have Darwiuia. 
alteniatiug pores. 

Costa; are strongly developed and sloping; down from 

75. rim are confluent. Much resembles Pachypliylluni Pachyphyllnm. 
I in external appearance. . . ! 

The septa extend from the outer vesicular zone for 1. Lonsdaleia. 
a short distance towards the center. i2. Campophyllum. 



The fovea is indicated 
' I the principal septum 



I merely by the shortening of .V 55^^!l'^"f'^"i 

,2. Cyathonhyllum. 

• _ I (Simple.) 

„„ Form is long, slender and terminated by an abruptly' , ^. . ,, 
78.' J J Cystiphyllum. 

. expanded cup. i ' *^ ' 

_ Corallites are formed by a series of superposed, blis-l ^ . . .. 

teredcalicinal cups, confluent in neigh boringstems.i ^'^ *P '^ ^""* 

P^ Septa are generally represented merely as low ridges i. Cyathophyllum. 

'I or rows of spines extending over the vesicles. |2. Cystiphorolites. 

' i 

81. 



82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 



Ck)rallites are parallel, wlioUy or partly in contact and' 
united by tran.sverse filaments, btems are bifur> Cystiphorolites. 
eating.^ ' _ 

At the center the rows of vesicles are convex upwards' , , ,, 

forming an eleyation in calyx. Plasmopl.ylluin. 

Lindstriim considers this synonymous with Cyathoph-„ ^, , ,, 
yllum iCyathophyllum. 



Lindstrom considers this a Cystiphyllum. 



1. Cystiphyllum. 

2. Cyathophyllum. 



LindstTiim considers this a Cystiphyllum. .Clisiophylloides. 



Zittel states that a round or oval, concentrically' . . 
wrinkled operculum exists. Kliizopora. 



1. Cystostylus. 
1 2. Fletcheria. 



An operculum of sul»-triangular valves is said to be i rirtiHnniivllnm 
present. No trace of its attachment was observed i* J^"\«P"> num. 
in the specimens examined. ". Cystipliyilum. 

Supplied with a thick, semi-elliptical operculum, ,,, . , ,. 
which haaa strong median ridge. Rhizophyllum. 

Slight depressions in the angles of the calyx. Opcr- 1 Calceola 
culum composed of four paired pieces meeting at ^' „, . , ' ,, 
the center. ,2. Rhizophyllum. 

Operculum is simple, semi-elliptical with median y, . . 
ridge. Corallites liave strong root-like appendages.' ^^ 



92. 
93. 



94. 
95. 
96. 
97. 



Thin, curved lamellie or ridges extt^id from inneri 
edges of primaries to outer edge of central depres-'Aspidophyllum. 
sion. I 



Inner edges of the primaries are united to the central „ • i i n 
,, Fasciculophyllum. 



The central area is formed by the radial columellarian., ^ , ,, 
septa, united by the concave tabular Cymateophyllum. 



The secondary septa may be minute or may extend 
inwards for a considerable distance, uniting witli Centrocellulosum. 
the pvii narie s. i 

The broad tabular of the intermediate area are bent 
downwards near the wall and attached to it or to Fasciculophyllum. 
zone of vesicles. 



Central radial lamellie extend from inner edjrcsof 

f»rimaries, coalesce and form a more or less irregu-jKoninckophyllnm. 
ar rod. 



A cJiart of the Rugose corals, — Skerzer. 
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DISTINGUISHING CJHAKACTKRISTICS. 



RAISE. 



Four of the septa form a cross in tlie calyx, o.i 
Absence of vesicles. See also Holocystis. * ^^' 



No defined columella. 



StronfiT walls, presence of columella. The cor- 
allites are more individualized. 



Silur., 
Devon. 



Silur., 
Devon. 



lAXUUI. 



Up. Silur. 



Europe. 



1. No true columella; uncovered central tabu- 
late area. 2. Abortive condition of the septa. 

1. Rudimentary fovea and tabulte. 

2. Stunted principal septum in fovea. Coarse 
septa. 



Peculiar trumpet-shaped corallum. 



Low. Car- 
bon. 



Carbon. 



Silur. 
Silur. 



DISTRIBCTIOi. 



Europe, 
America. 



Europe. 



Low. Car- 
bon. 



Devon. 



Compound srrowth. Rudimentary condition 
of walls. 



1. Absence of true septa and tabulie. Coarse 
vesicles. 2. Simple ingrowth, better detiued 
wall. 

Slender, cylindrical and fasciculate in grrowth. 
Corallites bifurcated and imited by trans- 
verse filaments. 

Rows of vesicles at the center elevated, form- 
ini; a mound-like elevation in calyx. 



Silur. 



Carbon. 



Low. De 
von. 



Europe. 



America. 



America. 



Silur.. 
Devon. 



Silur. 
(Niaer.) 



Silur. 



Absence of tabulaa. 

1. More complete septal development. 

2. Rudimentary condition of septa and coarse 
vesicles. 

Rows of vesicles not elevated at the center. 

Well developed, horizontal tabular Concen- 
trically wrinkled operculum present. Silu 
rian. 

1. No infundibuliform arrant^ementoftabula; 
Not bifurcate. 2. Visceral cavity has coarse 
vesicular structure. 

1. More slender prismatic srrowth, and coarser 
vesicular structure. 2. General shape and 
operculum. 



Devon. 



America. 



Devon. 

- - - 
Silur. 
(NiaK.) 



Silur. 



Silur. 



Carbon. 



Absence of radiciform processes. 



1, 2. Square pyramidal shape, more complete 
septa. 2. Absence of radiciform processes. 

Radiciform processes. 



Silur. 



Europe, 
America. 

America. 



Devon. 
(Com if.) 

Silur. 



America. 



Silur. 



Carbon. 



Silur. 



Europe. 



Europe. . 



Silur., 
Devon. 



Silur. 



Silur., 
Devon. 



Devon. 



Silur. 






Silur. 



Europe. 



Europe, 
America. 



Europe, 
America. 



Europe, 
America. 



Central depression in calyx. I^mclhr of cen- 
tral area do not reach center. All of same 
approximate thickness. 



General absence of the fasciculate arrange- 
ment of the septa. The spheroidal cells of 
the center. 



The radial septa of the central area are some- 
what better developed. 



The fascicled arrangement of the septa and 
absence of central spheroidal cells. 



Corallites tall and more cylindrical. Second- 
ary septa not generally present. 



The distinctly compressed median columellar 
rod towards which t!ie tabulie are elevated 
is absent. 



Low. Car- 
bon. 



Low. Car- 
bon. 



Low. Car-L, 



bon. 



Low. Car- 
bon. 



I^w. Car- 
bon. 



Devon. 
Carbon. 



Low. Car- 
bon. 



Europe. 



Low. Car- 
bon. 



Low. Car- 
bon. 



Europe. 



Europe. 



Carbon. 



I^w. Car- 
bon. 



Europe. 



Europe. 



^j]^; C»'- Europe. 
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OIL AND GAS RESOURCES OF WEST VIRGINIA. 

By I. C. White, Morsrantown, West Va. 
C Address delivered at the World's Fair banquet, Charleston, W. V.] 

The desire to search oat new and hidden things is universal. It 
weds alike the astronomer to his telescope, the chemist to his cru- 
cible, the philosopher to thought Led by this enchantment, men 
explore the depths of the sea, delve into mountains, and seek to 
penetrate the earth itself to unveil its hidden mysteries. This all 
prevailing impulse is the mainspring of human progress. It led 
Col. Drake to drill the historic oil well in the valley of Oil creek 
below Titusville, which gave to civilization a new illuminant and 
to the business world a new industry. 

The credit of originating the industries dependent upon oil and 
natural gas is usually awarded to Pennsylvania. This is not 
really true. West Virginia, and not Pennsylvania is the true 
birth place of both. Right here in this beautiful valley of the 
Kanawha, was natural gas first utilized for manufacturing pur- 
poses, 30 years before such use in Pennsylvania, while from the 
other Kanawha at Burning Springs, oil was shipped in barrels and 
a regular traffic in it built up many years before Pennsylvania's 
first well was drilled. In fact it was right here in the county 
of Kanawha (which generally leads the procession in business as 
well as in politics) that drilling tools and the method of casing 
wells were both invented, without which the oil and gas industry 
would have been impossible. All honor to the memory of Col. 
Drake for first conceiving and executing the plan of drilling into 
the earth to obtain oil. But in this connection let us not forget 
the names of the Ruffner brothers, whose busy brains invented 
casings; nor ** Billy" Morris, who constructed the first pair of 
**jars," for without both of these discoveries, deep drilling would 
have been impracticable. 

The question is frequently asked, why it is that, if West Vir- 
ginia really contains so much oil, it was not discovered and devel- 
oped along with that of her sister state. The answer is at hand. 
The first wells to find oil in our state were on the Little Kanawha, 
where a great arch in the rocks throws the oil sands much nearer 
to the surface than elsewhere in the state, and hence it happened 
that although wells were drilled in nearly ever}' count}^ west from 
the AUeghenies, none of them, until recent years penetrated the 
earth far enough to reach the oil bearing rock. 
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About eight years ago your speaker took up the serious study 
of oil and gas problems in Pennsylvania. The following year I 
became convinced that the great oil belt of that state would ex- 
tend into and across our own. Acting on this conviction I had a 
map prepared almost exactl}' like the one you see here now. This 
I submitted to a Pittsbui^ firm and the theory of a southern ex- 
tension of the Pennsylvania field appeared so plausible to them 
that they were induced to undertake the oil development of Wesi 
Virginia on a large scale. 

Under my direction over four hundred thousand acres of West 
Virginia lands were leased by my brother, H. S. White, who now 
does business for the United States. The Pittsburg syndicate 
drilled two wells on this immense area, and erected about eight 
deiTicks. The first was drilled for gas with which to supply 
Wheeling. Some gas was found, but not as much as the company 
expected. The second well was for oil, and located near Board 
Tree Tunnel at the southwest comer of Pennsylvania. This 
found only a small quantity of the golden fluid. The syndicate 
was discouraged. Its president declared there was neither oil nor 
gas in West Virginia, and bankruptcy would be the result of any 
further effort to find them. The '<shut down'' movement came 
on and a property which would have made Rockafellers of its 
owners was permitted to lapse and the leases to become void. 
Within sight of the Board Tree venture a valuable oil well was 
completed by the Standard Oil company during the past year. 

One of my locations, made in 1885, before Mr. Hukill had 
drilled his first well at Mt. Morris, was one on the Youst farm 
near Fairview, in Marion county. Here a derrick had been 
ei*ected, and I plead with the Pittsburg men to make this test be- 
fore finally abandoning West Virginia. They were deaf to my 
appeal, and this old derrick to-day stands in the midst of a dozen 
oil wells, gushing from one to five hundred barrels each, and send- 
ing two thousand barrels of the finest oil in the world throbbing 
through the pipe line on its wa}- to the sea. The Mt. Morris, 
Doll's Run, Fairview, Mannington, oil and gas field, whose south- 
cm end no one has yet found, and which in my opinion will prove 
the largest and richest oil and gas belt the world has ever known, 
was largely covered by the leases which the Pittsburg syndicate 
held. 

Until the year 1889, the oil magnates of the country paid no 
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serious attention to West Vii^inia. This date, however, is a 
< « red letter " one in our oil history, for it marks the opening of 
Doirs Kun, Mannington, and the rise of Eureka to prominence. 
These three developments brought the Standard Oil Company to 
realize that here in West Virginia was to be the great oil field of 
the future and that much berated monopoly has come into our 
state to take possession of its oil business. How many hundred 
thousand acres it has leased or purchased I do not know, but the 
territory it controls is a vast one, and the million and a half dol- 
lars it has expended in building a pipe line from Morgantown to 
the sea attest that it is with us to stay. Just what its influence 
will be upon our young commonwealth remains to be ascertained. 
It is here at the capitol asking for legislation necessary for carry- 
ing on this vast business enterprise of producing and marketing 
the million barrels of oil which lie hidden in oiu* rocky state. If 
what it asks be fair it is only right that it should be given. Most 
of us have only seen the dark side of this monster corporation. 
It is too true that its immense proceeds have been used in this 
country to crush out rivals whom it could not purchase, but at the 
same time, only the power of such aggregated wealth could meet 
and vanquish the Nobells and Rotkchilds of Europe in the con- 
test with the cheap oils of Russia. To meet this competition, 
and hold as well as extend the foreign market for American oils, 
this much abused corporation has often sold oil for months far 
below its cost, and had this not been done, the price of our oil 
would not be more than 50 cents a barrel to-da}'. This is one of 
the benefits that aggregated wealth confers, of which we hear very 
little. 

It is my firm belief that this great oil belt which has come 
down to our state through a distance of 200 miles, will extend 
clear across the same from Hancock to Logan. Only to-day I re- 
ceived a telegram that a large flow of gas had stopped the drill at 
a well in Gilmer, while Maj. Hotchkiss, the eminent Virginian 
who has so eloquentl}' depicted our rich mineral resources this 
evening, and who, although a native of another state, has done 
more to develop ours than any citizen in it, tells me that a well 
being drilled by his company' in Lincoln, has had to shut down 
from the same cause. The gas wells at Warfield, on the Big 
Sandy, and those at Burning Spring, above this city complete the 
chain of evidence that the oil belt will extend entirely across our 
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area from the Pan Handle to Kentucky, for wherever the gas oc- 
curs the heavier fluid is not far away. How much of luxury and 
comfort this underground wealth will bring to the homes of our 
state, no man can estimate, but our future in this respect could 
not be brighter. 

With the greatest coal field in the world, giving us an ample 
supply of solid fuel for all time to come ; with this great stream 
of li(|uid gold coursing through our rocks, only waiting to be 
tapped ; with the largest fields of natural gas the world has ever 
seen, to bring comfort and ease to our homes, where is the com- 
monwealth whose future is brighter than ours ? All that we need 
to do is to let the world know what we have. This we must de- 
pend upon our Ileprescntatives now in session in this city to ac- 
complish. Business men pay very little attention to statements 
that do not bear official sanction. Hence it is to be hoped that in 
providing for a proper display' of West Virginia's resources at the 
approaching World's Fair you will adopt a broad and liberal 
policy. And in whatever you may do, be sure to make provision 
for the preparation for an accurate map of the state. The miserar 
ble caricatures that we now have that are called maps of West 
Virginia, although infinitely better than none, are a disgrace to 
the state, so that if yon do nothing else, at least provide a splen- 
did map upon which our wondrous resources in timber, in coal, in 
ore, in oil and gas can be exhibited. 



THE WARRIOR COAL FIELD OF NORTHERN ALA- 
BAMA. 

By Persifor Frazer, Philadelphia. 

The levels al)ove the tide of several points selected to represent 
roughly the average surface plane of northern Alabama in Cull- 
man, Blount, Walker, Winston, Lawrence, and Morgan counties, 
arc thus given in the records of major Fitzhugh, consulting and 
examining engineer Louisville and Nashville railroad, to whose 
courtesy I am indebted for them : 

Louisville and Nashville Railroad. m7«'I^j" 

Helena 407.00 

Pelhain 435.00 

Siluria 484.40 

Calera 504.00 
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Jamison 709.36 

Montgomery 161.15 

BirmingTuim 620.00 

Boyle*s (3 miles north of last) 524.00 

Newcastle 514.00 

Locust Warrior Bridge 417.25 

Warrior StiUivii 548 .80 

Reid's Station 591.72 

Blount Springs 435.00 

Mulberry Warrior Bridge 431.00 

Hanceville 540.00 

Phelan 693.00 

Cullman 802.00 

Sand Mountain 918.65 

WlUites 610.00 

Hartseirs 666.50 

Flint 575.00 

Decatur 577.00 

The last is a short distaucc north of any portion of the prop- 
erty in question, and on the Tennessee river. 

Birmingham Mineral Railroad ^J;;;* 

Gurley Creek 638.0 

Gurley's Bridge 644.0 

Palmer's 723.0 

Oneonta 859.0 

The significance of the above detached data is that the state of 
Alabama, more especially the northern half of it, is a strongly 
accidented plane, sloping southwest, which forms a transition 
from the mountainous country of the Appalachian chain, entering 
Alabama from the north and east to the low country of the gulf bor- 
der. It is in this region that the greatest structural feature of the 
eastern part of the North American continent disappears from 
view by plunging below the surface. This fact is a ke}' to the 
proper understanding of its geology as well as of its topography. 
The hills in this country are synclinals made up of elevated concen- 
tric troughs of different strata lying one within the other, and the 
valleys are broken anticlinals, with sides sloping steeply towards 
the median line of the valley and the rocks dipping on each side 
inward towards the interior of the hills. A rough sketch taken 
from a manuscript section map of the Alabama geological survey,* 
kindl}^ lent me by the state geologist, will illustrate this. 

The anticlinal axes of the Appalachian mountains descend more 

♦ Issu ed as part of theCahaba coal field after the above was written 
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rapidly to the southwest from Tennessee to the gulf of Mexico 
than the drainage of the surface, and in consequence the further 
northeastward we go along the lines of these axes from the gulf 
to the Tennessee river the older do the strata covering the surface 
become. The greater part of the area referred to from Tuscaloosa 
to the vicinity of the Tennessee river in a northeast line is formed 
by the Carboniferous formations, — indeed by the Coal Measures 
which form their chief value. Therefore it may be said that along 
this imaginary axis in a northeasterly direction the geological 
* 'horizon*' becomes lower and lower until at some six or seven miles 
below the town of Cullman the botton of the Coal Measures is 
reached and no coal belonging to the Coal Measures proper can be 
expected. It is quite true that there are other deposits of coal 
below the true Coal Measures which are of considerable value and 
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extent so near as the state of Tennessee, but the most careful and 
patient search on the part of the State geological survey and of 
private geologists and prospectors has led to the well founded be- 
lief that these beds of coal become so thin towards the south that 
they cannot be mined with profit south of the Tennessee river. 

From this general explanation of the geological structure of the 
country, viz: that along the axes of the anticlinals and synclinals 
descending towards the sea the age of the strata covering the sur- 
face becomes more recent, it will follow also that the same must be 
true in proceeding in a direction oblique to the anticlinal valleys, 
for we then mount the synclinal elevations of which the strata have 
been preserved. We should therefore find the most recent strata on 
the top of the lines of hills, and the oldest in the lx)ttoms of the val- 
leys; this is the case, and the amount of the change depends upon 
the width of these elevations; for having arrived at the median 
line of one of them we thereupon commence to descend. These 
changes of '^horizon*' laterally are therefore limited in amount, and 
recur in similar succession as one traverses the separate spurs or 
fingers through which the Appalachian mountain s^'stem dies down 
beneath the surface in Alabama. 

The more detailed references which follow will serve to show on 
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what this view of the writer is based, but at present it is the aim to 
condense, as far as possible, the results. 

The *« Warrior coal field " is a name given to the productive Coal 
Measures covering a large area in the northern part of the state of 
Alaban^, and includes at least four and perhaps more principal 
beds which in descending order are the * 'Newcastle, " the »* Jeffer- 
son," the < ♦Black Creek," and the **Warrior" seams. Inasmuch 
as the latter is the lowest, it must be found underneath the out- 
crops of any of the others, but the converse is, of course, not true; 
and while from its greater extent it is quite proper that its name 
should be given to the whole field, one must guard against the error 
of supposing that wherever this bed occurs the other and higher 
beds will also be found. Some erroneous estimates have been due 
to this confusion of terms. 

A digest of the general section of the Coal Measures in Jefferson 
county, made with great care and skill by Mr. McCalley, the assist- 
ant State geologist, from his personal observations, aided by the 
researches of Mr. T. H. Aldrich and Mr. Howard Douglas, is here 
appended, because it gives in elaborate detail all the strata which 
are found in this part of the state, from the Pratt seam down to 
the base of the lower conglomerate. 

It furnishes a complete inventory of all the valuable minerals 
within the Coal Measures north of the latitude of Birmingham and 
explains why so much of the coal deposits of Alabama is com- 
mercially valueless on account of the thinness of the beds and their 
admixture with slate. It is necessarily introduced here for refer- 
ence in cases when the special coal development of a particular 
region is referred to (pp. 309 and 310). 

The Hoene Warrior and Jefferson Coal company own, amongst 
other properties, about 250 acres of coal lands near the town of 
Warrior, known as the Alabama mines, and 2,794 acres in all, 
including the Brake and Jefferson mines. With the exception of 
a reported coal seam in Mr. Paris' well in the S. W. ^ of Sec. 14 
W., there are no outcrops of coal known hereabouts or in this 
country north and west of the ravines near Warrior station on the 
South and North Alabama railroad, in which are the mines of the 
Hoene Warrior and Jefferson Coal company, and the Pierce's 
Warrior Coal and Mining company, according to the State report. 
The Alabama coal mines are situated about a mile north by west 
from the town of Warrior, in a deep valley between steep hills 
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Thickness in Feet and 



if' Inches. 



Shale, massive and curly 76 ft. to 100 ft. 

30 Coal 1 ft. to 1 ft. 6 in. 

Sandstones, hard, shaly, Array, micaceous, lossilifer- 

ous 40 ft. 

38 Coal, 8[uide seam soft 3 in. tog in. 

Fire clay 3 ft. to 4 ft. 

Sandstone, Shale, micaceous, erray. In heavy boul-i 

ders. Reported to contain locally some impure 

lime carbonate, shales contain locally black 

band and clay iron-stone 100 ft to 200 ft. 

37 Coal (Pratt Seam) 2 ft. to 7 ft. 

Fire clay 2 ft. to 10 ft. 

Sandstones, shales, clays 20 ft. to 30 ft. 

Coal (fire-clay seam, t^ood) l f t. 4 in. to 2 ft. 6 in 

Fire-clay. 1 ft. to 1 ft. 6 in. 

Sandstones shales, conglomerates 25 ft. to 40. ft. 

Coal. :. 1 ft. 2 in. 

Clay-8lat«, fossil if erous, with coal ,6 in. U) 7 ft. 3 in. 

35 C'oal |1 ft. to 2 ft. 8 in. 

Clay-slate, fossiliferous. ft. to 1 ft. 9 in. 

(!oal, good ft. to 3 ft. in. 

SaiKl.stoues, shales, clay slate 26 ft. to 176 ft. 

M Coal, irregular, slaty, balls of pyrite l ft. to 2 ft. 6 in. 

Sandstones and shales. 30 ft. to 70 ft. 

Coal ft. to 2 ft. 

Slate.. ft. to 4 in. 

33 Coal. 6 in. to 4 ft. 

Slate, sandstone •* 8 in . to 7 ft. 

Coal ,3 in. to 1 ft. 8 in. 

Shales, sandstones 5 ft. to 50 ft. 

32 Coal 1 ft. to 2 ft. 6 in. 

Sandstones, shales, fossiliferous, with coal. 20 ft. to 50 ft. 

31 Coal .••••••.• 2 in. to 1 ft. 

Sandstones, shales. Latter contain clay-iron-stone. • • |26 ft. to 50 ft.J 

Coal, witli .slate partings llO in to 8 ft. 

Fire-clay 2 ft. 

Sandstones, shales. The latter contain sometimes 

clay-iron-stone and black-band 10 ft. to 60 ft. 

Con?lomerate^^ ft. to 6 ft. 

29 Coal, with thin slate parting. ,0 ft. to 1 ft. 

Shales, sandstones, limestone. 50 ft. to 300 ft. 

Conglomerates ft. to 7 ft. 

Sandstones 10 ft. 

28 Coal, with slate parting ... (Cal. Williams) 2 ft. 4 in. to » ft . 6 in. 

Sandstones, shales and clays ft. to 12 ft. 

Coal, with slate partings ft. to 6 ft. 

Fire-clay 3 ft. 

Sandstones, shales 20 ft. 

27 Coal. ft, to 2 ft. 

Sandstones, shales. 10 ft, t<> 50 ft. 

C:<»al, with slate partings ft. to 8 ft. 

Fire-clay, sandstones, conglomerates, shales, slate... 25 ft. to 50 ft. 
25 C'oal in places, thin 2 in. 

Sandstones with some coal and some clay-iron-stone 

in lower part 20 ft. 

24 Coal 4 in. to 1 ft. 

Sandstones, shales. ••••■• • • • - ■ ■ • 25 ft. to ,{0 ft. 

23 ( 'oal. (Bakers "upper bed," W alker county) 10 in. to 2 ft. 

Fire-clay, shales, sandstones 20 ft. to .50 ft. 

22 Coal, slaty, throiighout or in upper part (Baker's 

I lower bed, AV alker county) 2 ft, to 6 ft. 

Shales, sandstones 20 ft. to 40 ft. 

Blark-band 2 ft. 

Shale, sandstone 5 ft. to 20 ft. 

Newcastle. j 

21 Coal with slate and clay partings (equivalent of the 
"Jagger." •'Townley.^' **Mt. Carmel," "Haw- 
thorne." &o., beds of Walker county, the "New-' 

castle" or "Big Vein" of Jefferson coimty) 5 ft. to 14 ft. 

Sandstones, Shales, Sometimes considerably clay- 
iron-stone (kidney ore) in upper and lower parts. 15 ft. to eo ft. 

23 
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Thickness in feet and 
Inches. 



Coal, poor and slaty. 
IFire clay. 



'Sandstones, shales '• 

,Coa1, soft and bony in places 

'Shales, sandstones • • •* 

Hlack-band • • • 

Sandstones shales, sometimes conglomerates. 

Coal, soft 

Fire clay 

Shales (arsriUaceous, fossiliferous) 

Coal, with seams of pyrite and slate 

Shales, sandstones 

Conglomerates gray and hard 

Slate. 

Coal, bony, 

Fire clay 

Sandstones, shales » — 

iCoal, peacock lustre 

Sandstones, shales. 



Jefferson Seam. 



Coal, thin slate parting. 
I Sandstones 



Coal 

Sandstones 

Coal, very good--- 

Fire-clay. 

I Sandstones, shales 



10 in. to 3 ft 6 in. 

1 ft. to 3 ft. 
10 ft. to GO ft. 

2 ft. 6 in. 

15 ft. to 25 ft. 

ft. to 1 ft. 4 in. 

i 16 ft. to 20 ft. 

Oft. to 2 ft. 9 in. 
|o ft. to 1 ft. 

ft. to 12 ft. 
ft. to 4 ft. 9 in. 
20 ft. to 25 ft. 

16 ft. to 40 ft. 

ft. to 1 ft. 

1ft. to 3 ft. 
ft. to 2 ft. 
25 ft. to 125 ft. 
4 in. to 1 ft. 8 in. 
30 ft. to 50 ft. 



2 ft. to 4 ft. 
ft. to 9 ft. 

ft. to 1 ft. G in. 
ft. to 4 ft. 

Oft. to Oft. 9 in. 

3 ft. 

20 ft. to 60 ft. 



Black Creek. 



Coal in one or two places said to be 6 ft 2 ft. 4 in 

Sandstones, shales, limestone Iso ft. to 140 ft. 



Coal 

Sandstones, shales- 

Coal 

Sandstones, shales'- 
Black-band, coal..- 
Shale.. 



Warrior Seam. 



Coal 

Shale 

Coal. 

Fire-t*lay 

Sandstones, shales. 

Coal 

Sandstones, shales 



Naber's Seam. 

Coal, hard 

Fire-clay ...-.- 

'Shales, sandstone, limestone; the sand.stones with 

streaks of coal 

Coal, hard and bright 

I Fi re-clay 

Sandstones, shales. 

Coal.. 

Shales, with fossil coal plants 

Coal 

Sandstones, shales. 

Coal 

Shales, sandstones 

Coal 

Shales. 

.Conglomerates (upper congl. of Tennessee) 

ICoaL 

Shales, sandstones 

Conglomerates (lower congl. of Tennessee) 

I Coal 

,Sha 

ICoa 

iSha 



es, fossiliferous 

(slaty) 

es, sandstones • • < 



ft. to 1 ft. 
60 ft. to 225 ft. 

1 ft. to 1 ft. 2 in. 
30 ft. to 125 ft. 

ft. 3 in. to 4 ft. 
ft. to 18 ft. 



1ft. 

Oft. 3 in. to 17 ft. 

2 ft. 4 in. 

4 ft. 

16 ft. to 20 ft. 

1 ft. 8 in. to 2 ft. 4 in. 

7 ft. 6 in. 



2 ft. 2 in. 
6 ft. 10 in. 

295 ft. 6 in. 
1 ft. 6 in. 
ift. 
16 ft. 

1 ft. 4 in. 

12 ft. 

2 ft. 6 in. 

500 ft. 

io ft. 6 in. 
35 ft. 

Ift. 

6 ft. 

30 ft. to GO ft. 

1ft. 

soft. 

40 ft. to 76 ft. 
Ift. 

3 ft. to 10 ft. 
ft. 10 in. 

30 ft. to 35 ft. 
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:]a8t west of the Louisville and Nashville railroad ; there are two 
tunnels about eighty yards apart, called respectively the North 
and the South Alabama works. 

The measures are nearly horizontal to the eye, but in fact dip 
southwardly about 1 foot in 36 feet These drifts are in the 
lowest of the principal coal beds of the coal series or the Warrior. 
At the fac« of the north opening, underneath 12 feet of sand- 
stone and shale, is a layer of black-band of about 1 foot 8 inches, 
in contact with about 4 inches of kidney ore on its lower surface. 

A fire-clay 3 feet to 5 feet thick is below the coal beds. 

A vertical section gives : 

Sandstone and shale 13 ft. 

Black-band with base of kidney ore 2 ft. 3 in. 

Coal ft. 8 in. 

Slate ft. 6 in. 

Coal 2 ft. in. 

Fireclay 4 ft. 6 in. 

A fair sample of the coal was taken from the present working 

face at the extremity of the drift by the writer, apd gave the 

• following results : 

Per Cent. 

Moisture (at 105° Cent.) 1.19 

Volatile matter 29.46 

Fixed carbon 64.66 

Ash 4.69 

Sulphur 1.57 

Phosphorus 0.028 

The black-band is here immediately above the coal. Where 
there is a considerable interval between the two, the expenses of 
mining each are materially increased. The roof is here fine coal 
slate. The mining work is extensive and well done. About 100 
yards northward from the opening along the valley is an outcrop 
of black-band in the side of the hill 2 feet thick but not pure. 

An average sample of the 20-inch thick seam of black-band 
from the working face in the drift where it was latest mined, was 
4aken by the writer and gave the following results : 

Per Cent. 
Moisture (at 105° Cent.) 0.25 

TT 1 All ^«**«« ) combustible 27.96 

Volatile matter . . . ^ non-combustible 8. 84 

Fixed carbon 20.31 

Ash 42.64 

Ferrous oxide (Fe O) 24.14 
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Ferric oxide (Fe , Og) 10.71 

Carbonic acid None 

Sulphur 0.384 

Phosphorus 0.286 

About 300 feet from the mouth in this drift the coal measures 
20 inches. Its analysis will also be found with the rest. 

Throughout the drift the Warrior seam and its overlying black- 
band vary somewhat in thickness, but more in their distance 
apart. The measures throughout exhibit very great variability in 
thickness and relative position, and this is true of the whole War- 
rior field, so far as it has been observed by the writer. Two feet 
two inches seemed to represent an average of the larger seam of 
coal, however. It was slightly less than this at the present work- 
ing face. 

A 4-inch thick clay vein dips south 10°, west 15® near the top 
of the slope. 

This represents the general direction of inclination of the 
strata, but is much steeper than the average dip. 

I visited the shore of the Locust Warrior, passing by the 
Watts mines, and the deposit of sand washed out by the river 
and accumulated at one of its bends opposite Turkey creek. A 
specimen of this sand yielded on analysis 96. 56 per cent, silica. 
This has been washed out of the numerous loose sand rocks by 
the river, and deposited at the point where its current has been 
obstructed, and the materials in suspension have been allowed to 
fall. There ought to be man}' such accumulations along this 
stream, as the rocks are easily disintegrated, the current is at sea- 
sons very strong and rapid and the channel of the river is sinuous. 

This deposit was estimated to be 600 feet broad and ten feet 
thick, tapering off on each side of the elbow in the stream at points 
a couple of hundred yards apart. 

One hundred yards northeast of the sand exposures is a deposit 
of brick clay of good quality. An analysis showed it to contain : 

Silica 78.20 

Ferrous oxide 0.35 

Alumina 12.20 

Its extent was not well defined. Ascending the hill north at 

about 70 feet above the river, a conglomerate occurs with quartz 

and rounded pebbles dipping steeply about south 10 east. 

At the Watts mine, a drift is run in about 60 feet above the 

level of the Locust Warrior, and a coal seam is exposed dipping^ 
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gently north 10° west, 3 feet thick, and with a strong slate roof. 
This is on the Jefferson coal seam in the hills, above which hard 
conglomerate is seen, and also a minor seam of coal, probably No. 
16 of the State survey General Section of Jefferson count}'. At 
the foot of the incline leading down from the tipple, and 300 3'ai'ds 
up the river are the signs of the outrcrops of the Black Creek vein 
2 feet thick. 

The Warrior bed is probably far below this (it is thought 250 
feet). 

The Brake mines are situated about 2\ miles south by west of 
Warrior town. 

About ten yards in the slope of this mine, an 18-inch coal seam 
dips northwest 10\ The bottom is in soft clay and the top is in 
hard sandstone. At the foot of the slope the Jefferson vein 
appears. 

Thirty feet below the Jefferson seam, but not yet opened up by 
the slope, is the Black Creek. The manager thinks that 90 feet 
more in the present direction of the slope would reach it. Here 
again the conglomerate is seen on the hilltops, about 75 feet 
above the Jefferson vein. It is in this place a conglomerate of 
quartz and amethystine pebbles, with other rounded stones in a 
matrix of loose, friable sandstone. 

The Jefferson mines, across the river were not visited, but it is 
universally conceded that they are on the Jefferson seam, and that 
they include the small coal seam No. 16 of the General Section 
before referred to. In the shaft of the Jefferson mines, the assist- 
ant State geologist makes it clear that the highest bed of coal 
penetrated is a small bed (18 of the General Section, Jefferson 
count}',) which is at least ^^ feet below the Newcastle bed, though 
it has been eiToneously supposed that this seam was represented in 
the strata penetrated. It really cuts the strata from 18 to 14 
<Black Creek) of the General Section. 

In this connection the coal near Bremen, called that of the Bre- 
men basin, by major Fitzhugh, should be considered. 

By following the Stout road about 6^ miles south by west from 
the town of Cullman, the line of coal-bearing hills begins to be 
reached. The road is through sandstones and conglomerates over 
which come, in regular succession, the higher measures, as ex- 
plained in the introduction, until finally the real coal-bearing strata 
appear. But man}- small seams occur north of the line, out of 
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which coal has been irregularly picked to supply the needs of the 
neighborhood for domestic purposes. 

The first of the coal openings visited lay in northwest ^ south 7» 
Range 3, Township 12, almost on the line between Blount and 
Cullman counties. This point is about 13 miles south by west of 
the town of Cullman, and 70 feet lower than the station rail (by 
uncorrected barometer), or 732 feet above tide. The exposure is 
called Day's opening, and a rough measurement gave: 

Sandstone and shale ? 

Coal 1 ft. 6 In. 

Clay 1 ft. 5 In. 

Coal 2 ft. 4 In. 

This coal is without question the equivalent of the Black Creek 
bed in Jefferson county. 

HilFs exposure, a short distance from the preceding, is evi- 
dently on the same coal. A section of it gave: 

Roof sandstone ? 

Clay Oft. 3 in. 

Upper Seam ft. 18 in. 

Clay 1 ft. 9 in. 

Lower seam 2 ft. 4 in. 

The general dip was south 15 degrees east. 

About a mile west of this is the Cullman Land company's open- 
ings, exposing a coal seam in a ditch run in some 60 feet A seo- 
tion of this cut shows — 

Sandstone ? 

Clay Oft. 2 in. 

Coal 1 ft. 2 in. 

Clay 1 ft. in. 

Coal 2 ft. 9 in. 

Average samples were taken of the lower and upper seams of 

coal respectively, with the following results: 

Specimens dried at 106o Cent. 

/ * > 

Lower Seam. Upi>erSeam. 
Per Cent. Per Cent. 

Volatile matter 31.06 36.79 

Fixed carbon 65.50 42.00 

Ash 3.44 21.21 

Sulphur 0.184 0.078 

Phosphorus .0.017 0.012 

There were numerous outcrops of ferruginous sandstones found 
here, but no iron ore. 
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Cullman County. 

The whole of this county is composed of the lower Coal Meas- 
ures, and although in tlie southwest near the Bremen district one 
and probably two, of the lower important seams of coal in the Ala- 
bama field occur, and the whole county is interspersed with small 
coal seams, yet it is very probable that no deposit of sufficient 
size to make it commercially valuable will be found northeast of 
the imaginary northwest-southeast line six or seven miles south- 
west of the town of Cullman, which has already been referred to. 
A small six-inch vein worked in the bed of a creek about three 
miles west of Cullman in the dry season has furnished coal to the 
citizens of Cullman and the neighboring farmers through the enter- 
prise of a citizen of that town. Iron ores have been reported from 
various directions also, but none were observed. 

On account of the report of a valuable bed of coal in the northern 
part of the county on Flint creek, I made a visit to it. About 
a mile or so northeast of the town of Cullman a conglomerate 
occurs, and underneath this is a small seam of coal. This is one 
of the two conglomerates often called the Upper and Lower 
Tennessee conglomerates, which mark the base of the true Coal 
Measures, and the coal occurs in these seams within 12 to 15 feet 
of shales. At about two miles northeast of Holmes* Grap, varie- 
gated shales form the surface rock, lying very nearly horizontally. 
At Drake's house, which by uncorrected barometer is 175 feet 
above Cullman station, or 977 feet above tide, is the summit be- 
tween Bridge creek and the east fork of Flint creek. 

On the steep hills descending northward to the latter fragments 
of conglomerate appear. A drift has been driven in about 65 feet 
nearly on a level with the surface of the stream, which, when in 
flood, fills it. The floor of this drift is 415 feet below Drake's 
house, or 562 feet above tide (by uncorrected barometer). At 
the mouth of the drift is a ver}' lean and dirty coal mixed with 
clay and sand, in all 2 feet thick. The section is as follows: 

Cap sand rock ? 

Lean and slaty coal ft. 1 in. . 

Sandstone 1 ft. 6 in. 

Bony coal mixed with clay and sand 2 ft. in. 

At the head of the drift the coal runs out altogether, unless an 
extremely impure carbonaceous clay of about one inch in thickness 
may be called coal. This drift proves that the coals of the sub- 
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conglomerate and lower conglomerate measures in this region occur 
in lenticular masses and run out in all directions, forming merely 
roughly defined horizons of fossil vegetable matter. It shows, 
moreover, that in this region these deposits cannot be depended 
upon to supply any considerable quantit}'^ of fuel with regularit}-. 

At 150 feet above Flint creek, on the right bank, is a small 
6 inch seam of coal, 40 feet above which is a conglomerate 8 feet 
thick. Along this ridge between Flint and Lick creeks the same 
small and capricious coal bed is seen always close to the conglom- 
erate. At a natural portico made by a huge overhanging ledge of 
conglomerate from which a small stream plunges to the hills below, 
the coal was an impure layer of 14 inches on one side and at a dis- 
tance of 50 feet about 7 inches on the other. In some places it 
seems to disappear altogether. The measures here seem to dip 
gently southeast. 

A hole had been drilled on the hill northeast of the Flint creek 
drift and about 260 feet al30ve it, which proved the presence of a 
hard conglomerate beneath the surface. 

Almost one-fifth of Cullman count}^ or that portion Ij'ing in the 
southwest comer is underlain b}^ valuable seams of coal. This 
fraction holds the *' Black Creek" and ** Warrior" seams. The 
territory near Warrior contains, besides, the ** Jefferson," and in 
some cases one or two of the unreliable small beds of coal above 
it, but not any so high up in the series as the ** Newcastle."* 

There is also here a workable black-band seam, one element in 
the value of which is that near Warrior it occurs close enough to 
the Warrior coal vein to enable both to be mined at once. The 
relative positions of these veins, as of all other strata in this coal 
field, change very greatly within short distances, and it is not at 
all certain that the area over which the ore will be found to be a 
workable deposit is as large as that in which the Warrior coal vein 
may be confidently expected. 

No ores were seen in the portion of these lands personalh' in- 
spected which would engage the serious attention of an iron mas- 
ter, though it is quite probable that valuable ores occur on some 
of the detached southeastern sections in other counties. 

The timber in Cullman county is excellent and abundant. Par- 
ticular acres were found by Dr. Mohr, of Mobile, to contain as 
much as 30,000 feet B. M. and many unselccted acres as much as 
15,000 feet. Its quality appears to be admirable. 

*Soe Note II. at the end. 
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Since the experiment has been made of adding a small quantit} 
of guano to each cotton seed planted, the cotton crop on the light, 
Bandy soil of Cullman count}' has been found excellent in quality 
«.nd averaging perhaps half a bale to the acre. The State geolo- 
gist, however, deprecates this emplo3'ment of the land and thinks 
that the cultivation of fruit and vegetables would be more appro- 
priate and more profitable. * 

The following statement is taken from the advance sheets of 
the United States Census for 1890, sent to the writer; 

Product and Value of Coal in Alabama in 1889. 



Counties. 



Jefferson 
Etowah . . 



Blount . 
Cullman 



No. of 
nnne.s. 



20 



Total 
Product. 



2,305,383 



f I 



•Cherokee . . . 
All counties. 



16 






44 !3, 378,384 




Value 

of 

Product. 



$2,485,744 



9,278 



Avemgre 

Price 
Per Ton. 



$1.08 



1.77 



3,707,426 1.10 



The salubrity and fertility- of the Cullman lands are unques- 
tioned. The country is well watered and is under cultivation by 
the German colon v which Mr. Cullman has established there, one 
of the most successful in the United States. The industrv and 
sobriet}' of this community are admirable and in striking contrast 
to the shiftless and careless husbandry which they replaced. The 
existence of such a class of farmers in Cullman county is of 
itself a strong recommendation of the lands and an inducement 
to further settlement. It would be difficult to present this ad- 
vantage too strongly. 

To sum up : 

The lowest well known workable bed ( neglecting Naber's seam, 
'which seems to be capricious ) is the Wamor. This is a good 
•coking coal. Its ash was found to be 3. 44, its sulphur 0. 84, and 
its phosphorus 0.017 (in the combustible material as well as the 
ash). Its specific gravity is assumed to be about 1.29, or like the 

•See Note III. at the end. 
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average of the Black Creek coal given by the State geological 
sui'vey. From a mean of six measurements^ of its thickness the 
latter was taken as 2 feet 2 inches, but it has a higher thin seam 
separated by a parting of shale varying in extent from a few 
inches to 17 feet, and as this. small seam only reaches about one 
foot in thickness it has not been considered here, but in some 
cases will enhance the value of the coal product. 

Taking (of the lower seam just mentioned) the above data, 
there will be found an average of 3,798 tons of this coal per 
acre of the ground which it underlies. 

The << Black Creek" seam, or the first valuable seam imme- 
diately above it, averages 2 feet 6 inches in thickness, and has a 
specific gravity of 1.362. There are, therefore, 217.15 pounda 
of this coal under every square foot of surface covering it, or 
4,728 tons of 2,000 pounds to the acre. This is a most valuable 
coal for coking, and is the only one which on account of its free- 
dom from impurities is adapted to coke making without previous 
washing.* An analysis of it given in the State report for 188C» 
p. 302, shows: 

Moisture 1.36 

Volatile matter 31.79 

Fixed carbon 64.71 

Ash 0.82 

Sulphur 0.32 

Its specific gravity (1.29) as given with this analysis is a little 
less than my own experiment made it, but this will not very mater- 
ially alter the figure representing the number of tons to every acre 
underlain by it. This figure is on my own data 4,728 tons of 
2,000 pounds. 

The Jetferson seam is the next valuable deposit above the fore- 
going. 

An analysis of it taken from a long exposed heading where ita 
best showing would not be expected, gave me the following re- 
sults: 

The coal dried 
at 1050 Cent. 

Volatile matter 28.73 

Fixed carbon 64.57 

Ash 6.70 

Sulphur 2.82 

Phosphorus 0.001 

•See Note IV. at the end. 
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Assuming its specific gravity to be 1. 29 and its average thicknes» 
as great as the Black Creek coal, this would give to the acre 4,627 
tons. There are also two smaller coal seams beneath the maia 
bed, but separated by slates and sandstones of variable thickness 
and therefore not counted here. It may be assumed, then, that 
there are 4,627 tons of this coal to each acre which it underlies. 

There is a black-band ore which has been discovered in Jeffer- 
son county high above the Jefferson seam, but as it has never 
been successfully worked and as it only reaches about one foot 
four inches in thickness, it may be disregarded. The important 
black-band immediately above the Warrior coal bed in the Ala- 
bama mines is a most valuable deposit, but very variable in ita 
location, as has previously been said. An analysis of a sample- 
which I selected as a fair average has already been given. 

Its specific gravity is 2. 31 (mean of 3 determinations), and its 
average thickness (mean of 5 measurements) is 1.25 feet. It 
therefore will average 3,924 tons of 2,000 pounds to the acre, but 
owing to the great change of its position within short distances, it 
would not be safe to count upon more than half of this as availa- 
ble for economical mining at present. 

The Black-band which usually accompanies the Warrior coal 
bed has not been sufficiently studied in Cullman county to enable 
one to predict what its quantity and constancy will be. It ia 
likely, however, to become an important factor in any estimation 
of value. 

The black-band ore may be looked for anywhere in the vicinity 
of the Warrior coal, and may, for aught that is known to the con- 
trary, occur in large quantities, but it is such a variable and fickle 
deposit that, in the absence of any positive information concern- 
ing it in this region, I prefer to omit further mention of it here. 

Note I. 

The system of numberingr townships in Alabama is based upon a meridian 
run throusrh Huntsville (general Coffee's line, which is the ordinate for upper Ala- 
bama), and a meridian run through St. Stephen's by general Freeman, which is 
the ordinate for southern Alabama. The latter finished his work first, and ran an 
abscissa on a circle of latitude east and west dividing the state into two parts ; a 
northern and a southern. A township is a horizontal slice across the whole state. 
Coffee established twenty-two townships from the northern boundary of Alabama 
to Freeman's line, and they are numbered 1, 2, 3, etc.— south. Fireman estab- 
lished twenty-four townships, counting 1, 2. 3, etc.— north from the northern 
boundary of Florida. The " ranges " are tlie distances along the northern edge of 
a township six miles long, and are counted 1, 2, 3, etc., east or west of the meri- 
dian from which they are measured. The number of the sections in each of tliese 
ranges is begun at the northeastern square mile, and proceeds west to the limit o f 
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ithe ranire on the upper tier, descendingr to the adjoining square mile or section on 
the second tier, and returning back on that tier to the meridian of the starting 
point, descending: here to the adjoining section of tlie lower tier, and thus zigzag- 
firing till the last section of that range is reached at the meridian of starting. These 
sections are each divided into quarter sections or squares of half a mile on the 
side, and are called northeast, northwest, southeast or southwest quarter sections 
-of such a section, range, and to^ivnship. 

The above information is from Mr. Wilson, assistant to major Fitzhugh. 

NOTK II. 

The following is an extract from page 83 of the State geological report for 1886 : 
"Though the soils of this county are naturally poor for our great staples, cot- 
ton and corn, still by frequent light dressings, judiciously applied, of a compost 
containing lime, they can be made to average two hundred and fifty pounds of 
lint cotton to the acre, of much better staple than that of more favored regions, 
riiey can also be made to yield some twenty-five bushels of corn to the acre. 
These products, however, are not the crops for the "Hill country of Alabama:" 
and. the sooner our people find it out, the better it will be for them and the Stat«. 
This mountain soil, with a little strengthening, as well as the climate, is especi- 
ally adapted to the raising of fruits, vegetables and grasses, and in proportion as 
these crops are cultivated, and cotton and corn let alone, will this beautiful and 
healthy region blossom and bear fruit." 

Note III. 

In the ofiicial State geological report for 1886, the section of strata found in 
the Jefferson mines includes the series of the general section from below the 
Black Creek seam (No. 14) to No. 18. The Newcastle seam is No. 21, and is there- 
fore not included. This is also made still more clear from the blue print of the 
region kindly made for me by major Fitzhugh. on which the outcrop of the New- 
castle vein is seen to enclose a region entirely to the south of the Warrior, Brake 
and Jefferson mines. 

NOTR IV. 

It is in the opinion of the writer a mistake to use the coke made from the 
Pratt, Newcastle, Jefferson and Warrior seams without previous preparation. 
Favorable contracts for preparing these coals for coking could be made, which 
would leave a good profit to the coke manufacturer, while the efiiciency of the 
coke would be thereby raised. By washing, the percentages of ash, phosphorus 
and sulphur would be reduced, and the product would be made equal in value to 
Connellsville or Pocahontas coke. 

The Black Creek coal seam seems to be the only one which is free -enough 
from these impurities to warrant its use without preparation. These observations 
are made with deference to the large experience and extensive knowledge of iron 
making of the iron masters of Alabama, and without such a systematic study of 
the subject as would be necessary in order to enable the writer to discuss the 
•question on equal terms with them. Nevertheless, the conviction of their gen- 
eral correctne&s grows stronger with every addition to the writer s store of facts. 
It would be well to allow the experiment to be tried in a small way in any case. 



LAKE SUPERIOR STRATIGRAPHY. 

By Andrew C. Lawson, Berkeley. 

In a recent paper by Prof. Van Hise, entitled * \ An attempt to 
harmonize some apparently* conflicting views of Lake Superior 
•Stratigraph}', "* a new view is advanced as to the position of the 

«Am. Jour. Scl. Vol. XLI, Feb., 1891. 
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dividing line between Archaean and post-Arehsean in the lake Su- 
perior region, which seems to me to be fraught with confusion to 
this branch of geological inquiry and to be based upon an under- 
valuation of some important conditions which obtain generally in 
the region. The new information given us by Vtot, Van Hise is 
of the most interesting character and will do much to harmonize 
some seemingly conflicting views ; it is therefore to be r^retted 
that the approximation to harmony which he seeks to establish 
should be marred by an utterance which is not only out of ac- 
cord with the very commonly accepted view as to the upper limit 
of the Archsean, but is in startling discord with the significance of 
facts which have been well authenticated. 

It is with much reluctance that I offer this criticism. For the 
most part Prof. Van Hise and myself are, or at least have been, 
in agreement as to the interpretation of the main facts of lake 
Superior geology which have come under my notice ; and if the 
new view now advanced by him involved simply a matter of ex- 
pedienc}' or nomenclature I should abstain from adverse criticism, 
so that our general agreement might not be confounded with a 
disagreement on a minor point. It appears to me, however, that 
this new suggestion involves a bad principle which it would be un- 
wise to pass unchallenged. I am constrained, therefore, to ven- 
tilate the subject, feeling confident that I shall suffer no con- 
demnation at Prof. Van Hise's hands should I succeed in showinsr 
that he has overlooked, or is not cognizant of, considerations 
which if placed in evidence must logically force him to modifj- his 
present judgment. 

During the time that I have been, at work northwest of lake Su- 
perior, no general truth has been brought home to me more im- 
pressively than the fact of the individuality, so to speak, of the 
Archaean complex. By the latter term is meant, in accordance 
with the usage of nearly all previous writers on this field, the com- 
plex of rocks upon the profoundly denuded remains of which the 
Animikie strata of Thunder bay rest in stroiigl}- marked un- 
conformity. It includes all the rocks which existed as geoloi^ical 
formations prior to that epoch of denudation which produced the 
truncation of the pre-palaeozoic continent and prepared the floor 
upon which the Animikie and its equivalents rest. How great 
was that epoch, how stupendous is the evidence of its duration, 
and how important it is as a geological base line I have attempted 
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• 
to show in a former paper.* In that complex there are recogniz- 
able, in the region which I have examined, at least two great 
.groups of stratified rocks, the Coutchiching and Keewatin, with 
•a probable unconformity between them. This unconformity is in- 
ferred not from incongruity or discordance of structural planes 
but from the sharp contrast in the lithology of the respective for- 
mations as indicating a change in the condition of rock forma- 
tion, and from the presence of conglomerates near the base of the 
Keewatin as indicating a period of erosion. These two groups of 
strata have been folded and welded together by the same crustr 
crumpling forces and both bear identicall}- the same relations to 
the great batholitesof Laurentian gneiss and granite. That relation 
AS I have elsewhere attempted to make clear is one which has 
^arisen from the irruption through crustal rocks of a sub-crustal 
granitic magma. At the time when this irruption transpired the 
Coutchiching and Keewatin rocks co-existed forming the lower 
part of the crust, and they were together pierced and invaded by 
the common sub-crustal magma. The evidence which establishes 
this proposition is explicit and has been set forth in detail. It is 
this great and incontrovertible fact of the simultaneous invasion 
of both Coutchiching and Keewatin b}' the magma now recogniz- 
able as Laurentian foliated granite, which knits the complex to- 
gether and gives it an individuality and totality unique in struc- 
tural geology. Briefly then we have these considerations be- 
fore us : 

1. In their relations to the complex as a whole and to the 
Laurentian granites and gneisses which bind the complex together 
AS a matrix, the Coutchiching and Keewatin are entirely similar. 

2. Both were firm brittle rock formations at the time when the 
Laurentian batholites were undifferentiated molten magma, hence 
by the criterion whereb}' the age of rocks in a geological sense is 
usually determined both are of younger age than the Laurentian 
which invaded them as irruptive masses. 

3. The whole complex, constituted as above sketched, ante- 
dates the great pre-palseozoic hiatus or erosion interval which is 
probably the greatest in American geology. 

4. The above three statements are arrived at practically inde- 
pendently of any considerations as to the lithology or original 
character of the strata of either Coutchiching or Keewatin. 



♦Note on the pre-pal»ozolc surface of the Archaean terranes of Canada. 
Bull. Geol. Soc. Am. Vol. I, pp. 163-174. 
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It would seem, therefore, in view of these considerations that the 
last thing which the geological taxonomist would attempt, would be 
to separate one of these groups from the complex and say, <<It is 
post- Archaean, " and of the other, '*Itis Archaean. " Yet this is 
what Prof. Van Hise, by some unaccountable misconception of 
the reality of things, proposes to do. He draws the line between 
Archaean and post- Archaean at the summit of the Coutchiching. 
One phase of the confusion which arises from such a step is ap- 
parent from a glance at the table at the end of his paper. For, 
the Keewatin being placed as post- Archaean, we have this unde- 
sirable incongruity presented to us of the Laurentian rocks which 
are irruptive through it designated under an older period. If the 
Keewatin is post- Archaean the Laurentian is a fortiori so. The 
■old idea of the Laurentian of the lake Superior region being a 
pre-existent basement upon which the Keewatin and Coutchiching 
have been deposited surel}* does not linger in Prof. Van Rise's 
mind? 

In seeking the reasons for Prof. Van Hise's suggestion to call 
•one member of this great fundamental complex Archaean and an- 
other post- Archaean, or at least the influences which led him to it, 
I find two fairly distinct propositions which form to a large extent 
the basis of his argument. One is that contained in the opening 
paragraph of his paper and constituting an important factor in his 
<;lassificating scheme, viz. , that the plane which forms the upper 
limit of the Coutchicliing is a plane separating a granite-schist 
<x)mplex from an upper clastic series. This is an erroneous idea. 
The plane in question has not the significance ascribed to it. 
The granite-schist complex exists on both sides of this plane with- 
out any question whatever. The proposition further seems to 
imply that there is a granite-schist complex of which the schist 
constituent is different in its origin from the schists on the upper 
side of the plane. An hypothesis of that character should not, 
it seems to me, enter into a classification of geological formations 
or groups of formations. The fact that the original character of 
certain schists of the Archaean is not fully demonstrated by the 
published evidence should not warrant their being separately 
classified as schists or *« crystalline schists" par-excellence. Such 
a usage of terms carries with it the implication that there are no 
or^-stalline schists in the ** overlying elastics," while as a matter 
of fact not only are crystalline schists abundant in the Keewatin, 
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but in other regions fossiliferous strata are known which are not a 
whit less '* crystalline schists" than the Coutchiching rocks. 
In my judgment there is no portion of the Archaean to which the 
term cr^'stalline schists can be appropriately applied to the ex- 
elusion of the other parts. There are true crystalline schists in 
all parts of that complex. The term < ^schist-granite-gneiss com« 
plex " which Prof. Van Hise uses to describe the Archsean is ap- 
propriate and is graphically expressive of the salient features of 
the Archaean. The error which he falls into is in not recognizing 
that the Keewatin is part and parcel of that < < schist-gi'anite-gneisa 
complex." The second proposition which Prol Van Hise uses 
as a basis of argument is that the physical break which he de- 
scribes between his Upper and Lower Vermilion is the equivalent 
of the break between the Animikie and Keewatin. That also ia 
an erroneous idea. I have little or no doubt of the reality of the 
break which Prof. Van Hise describes not only in Minnesota but. 
elsewhere. I have been cognizant of evidence of such a break 
since the summer of 1889 which I spent m the Hunter's Island 
country. I interpret the unconformity in Ontario and Minnesota, 
however, very differently from Prof. Van Hise. The. position 
assigned to this break by Prof. Van Hise leads him to correlate 
the *' Upper Vermilion " fragmental rocks and those at Kamminis- 
tiquia with the Animikie. A study of the stratigraphy of thfe 
region has demonstrated to me that such a correlation contradicts 
the facts. At Gunflint lake, on the International Boundary, the 
Animikie rests on the Archtean, here composed of a complex of 
Lauren tian granite-gneiss and Keewatin schists, in pronounced 
unconformit3'. The Archaean schist-granite-gneiss complex was. 
profoundly denuded before the deposition of the Animikie which 
lies in almost undisturbed attitudes on its truncated edges. • This 
unconformity has often been described and never questioned. 
Now, the same Laurentian granite has been traced by me in 
well bared, continuous exposures from Gunflint lake for 15 miles to 
the north side of Stiganaga lake where it is again seen bursting 
through the Keewatin schists with abundant and clearly observable 
evidence of irruption. Included in the Keewatin rocks are the * < Up- 
per Vermilion " fragmental rocks or Ogishke conglomerates with 
their associated grits and slates. The conglomerates come di- 
rectly against the granite and the latter is irruptive through the 
whole. Thus the Ogishke conglomerate is older than the Saga- 



1 



Lake Superior Stratigraphy. — Lawson. 325 

naga granite upon which the Animikie rests unconformably. In 
other words the break which Prof. Van Hise describes is within 
the Keewatin group and would seem simply to divide that group 
into an upper and lower series. Corroborative evidence of this 
is seen on following the clastic slates which accompany the Ogishke 
conglomerate, through to Basswood lake. There they are seen 
in contact with the Basswood area of Laurentian granite-gneiss 
and the contact is again irruptive. These observations are 
given in advance of a geological report on the Hunter's Island 
region which I have in preparation but which ma}' be delayed some- 
what in publication. Other arguments might be advanced but I 
have, I think, given sufficient to demolish the correlation of the 
Ogishke or ** Upper Vermilion" with the Animikie. 

As to the Kaministiquia rocks I have simply to say that Prof. 
Van Hise's visit to that district must have been very hurried or he 
would have observed that the same fragmental rocks which he re- 
fers to, come out close to the shores of Thunder bay and form the 
basement upon which the undisturbed Animikie rocks rest with 
the same strongly marked unconformity as that exhibited at 
Gunflint lake. They are here intimatel}'- and apparently insepa- 
rably involved with other Keewatin rocks and the whole group is 
again invaded by Laurentian granite so that there is no possibility 
of correlating these rocks with the Animikie. With reference to 
the Huronian of lake Huron I have long been of the opinion that 
there were probably two groups of rocks included under that 
designation. As to the geological position of these Huronian 
rocks I have always been in very much doubt arid am as far to-day 
from any settled opinion on that point as I was when I first looked 
into the question. The earliest descriptions of Huronian and the 
investigations of Irving go a long way to show that some of these 
rocks are the equivalent of Animikie. The. original observations 
of Murray and the more recent ones of Barlow* indicate that there 
is a portion which bears the same relation to the Laurentian as 
does the Coutchiching and Keewatin. On this latter point the 
evidence is more explicit and satisfactory to my mind than that 
favoring the correlation with the Animikie. The unsettled condition 
of the Huronian question is a great hindrance to the progress of 
clear and correct ideas in an extensive field of geological research. 

*0n the contact of the Huronian and Laurentian rocks north of Lake 
Huron. Am. Geologist, July, 1890, Vol. VI, No. 1. 
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A critical re-examination of the region north of lake Huron is al- 
most absolutel}- necessary to further satisfactor}' progress. It 
has occurred to me that it might not be out of place for the Inter- 
national Congress of Geologists at its coming session to take cog- 
nizance of this necessity and nominate a commission to prose- 
cute the investigation of the field. The problem might be I'e- 
garded as an international one, the field being along the boundary 
and the interest equal on both sides, so that the commission might 
act in harmony with the United States and Canadian geological sur- 
veys. 

Prof. Van Hise finds as a result of his present classification of 
the lake Superior geological groups no use for the term Ontarian 
which I suggested some time ago as a useful if not necessary one 
to include the different rock groups of the upper Archaean. That 
classification being shown to be untenable the necessity for such 
a comprehensive term appears all the stronger from a consideration 
of Prof. Van Hise's table. There he places an irruptive uncon- 
formity between the Laurentian and the Coutchiching. This ir- 
ruptive unconformity occurs between the Laurentian and the 
system of strata of which the Coutchiching and Keewatin are con- 
stituent groups. This system comprising two, and |)ossibly more, 
groups, seems to me to require a name, the necessity being even 
greater than the need of Algonkian to include Animikie and 
Keweenawan. 

As a substitute for Prof. Van Hise's table of classification I 
offer the following for the region northwest of lake Superior : 



PALAEO- 
ZOIC. 



Alooxkian 
System. 



Keweenawan or Nipigon 
Group. 



Unconformity. 



Animikie Group. 
(Possibly Huronian.) 



Unconformity — Greatest erosion interval In American Geology. 



On mdanopldogite, — Streng. 
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Ontakian 

System. 


Keewatin Group, 
(Possibly Huronian.) 


Upper Series. 




Van Hise^s Break. 




Lower Series. 




Unconformity? 




ARCH- 

^AN. 


Coutchiching Group. 






Ibruptive Un- 
conformity. 


• 






Laubentian 
System. 







J\rore.— While writinff on this subject it may be well for me to state that the late 
Prof. Alexander Winchell was in error in supposing, as appears on pa^e 218 of 
his recent paper, ** American opinion on the older rocks,' '^ that I ever regarded 
the Animikie and Keweenawan as part of the Archaean. I have never entertained 
that idea for a moment and have been entirely misunderstood on this point bv 
my late lamented friend and fellow worker in lake Superior ffeoloffy. A. G L. 



ON MELANOPHLOGITE.* 

By A. Stbeno. Giessen. 
In the twenty-seventh volume of the Oberhess Ges^/Ur Nat. u, 
HeilkundBy p. 123, I have offered some observations on melano- 
phlogite in which I announced that the material at my command 
contained no SO, but sulphur in a different combination. Re- 
cently different works by Pisani and especially by G. Friedel 
< Sohn ) in which a content of SO, is announced as certain, aroused 
in me some doubt as to the correctness of my results, and es- 
pecially it appeared to me as possible that my specimen may not 
have been a true melanophlogite but a pseudomorph of melan- 
ophlogite after quartz or opal. After more extended examination 
I have discovered however that this doubt was not justified ; for I 
found in the same material in which I had been unable to find any 
SO3 in solution in HFl, 3. 82 per cent of SO, in a decomposition 
in NaCOj. Nevertheless I repeated my efforts with every con- 
ceivable precaution and variation, to show the presence of SO in 

3 

the fluoric acid solution, but without reaching any other result 

As it was so well established that my sulphur-bearing melan- 
ophlogite contained no SO,, I knew the sulphur present in it was 
in some other combination. 

If now melanophlogite contains, in the indicated absence of a 

•Translated from the 28th Ber, d. Oberh. Oes. f, Naiur, w. HeWi, 
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corresponding union with metals, sulphur in the form of sulphide 
of silicon, then, in the treatment with HFl during the solution 
of the SiO,, the SiS, must on becoming free, combine with H,0 
to form SiO, and H,S. In fact, when a half grain of the ma- 
terial already examined, a mixture of melanophlogite crystals of 
a specific gravity 2, 044 with pulverized opal, was overflowed with 
HFl in a platinum dish, H^S was produced, which made itself 
apparent as such not only by the odor but also by the reaction 
with lead-paper. This is, in my judgment, a characteristic re- 
action for the presence of SiS,, for it appeared also in red heat, aa 
in the destruction of organic substance. Still one might be in 
doubt whether there is a mechanical mixture or a chemical union. 
The noticeable constancy of the composition in all analyses hith- 
erto made indicates a chemical union. If we take the mean of 
all the anialyses hitherto, that \& SiO,=91.69 and S03=5.85, as 
foundation, we can from them calculate the formula SiS,-f-42SiO^ 
(Si^jO^S,). From Frieders formula, SO5+20SiO„ is derived 
in like manner the formula SiS,-j-39SiO,. 

If it be desired to determine the sulphur directly, dissolve sil- 
ver-oxide in excess of hydrofluoric acid, and after adding some 
water to the pulverized melanophlogite treat it with this liquid 
until the mineral has entirely disappeared. The result is a black 
precipitate of Ag,S which can be filtered out and analyzed. In 
this manner I obtained from 0.4993 grains of melanophlogite, of 
a specific gravity of 2.044, 0.071 grains of Ag,S, corresponding^ 
to 1.84 per cent, of sulphur (or 4.5 per cent of SO,), whereas I 
had before obtained 3.82 per cent of SO, from the solution with 
Na. CO,. This number was then somewhat too low. After red 
heat I obtained with the silver solution 1.28 of S (3.2 per cent 
of SO,). With the same solution of AgFl in HFl I obtained 
from very thin scales of melanophlogite on crystals of sulphur 
0. 58 per cent. S in the test with silver solution, and in the de- 
composition with saltpeter and soda I obtained 0. 56 per cent of S. 

As to how the variation in density of melanophlogite, aa 
pointed out by me, may be explained, I cannot yet state, owing^ 
to insuflSciency of material, as well as the question of psendo- 
morphs. On the other hand it appears to me possible that the 
acquiring of a black color in the presence of heat can be attributed 
to the formation of iron-sulphide, as melanophlogite always con- 
tains some iron. 

Giessen, March 3, 1891, 
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EDITORIAL COMMENT. 



The oldest fish remains known. — The most important 
announcement of palseontological discovery during the past 
reason is that recently made by Mr. C. D. Walcott of the 
U. S. Geological Survey of the occurrence of fish-remains 
in the Lower Silurian rocks of Colorado. The Silurians of 
Herefordshire and Shropshire in England have long been known 
to contain abundant relics of the early vertebrates, but these re- 
mained for many years the only recognized traces of this sub- 
kingdom below the Devonian strata, for though similar discoveries 
were reported from Bohemia and the Hartz, yet as the accompani- 
ments of these indicated Devonian rather than Silurian date they 
have been regarded as of later age, especially as the fossils be- 
longed to genera considered in England to characterize the 
Devonian rather than the Silurian strata. (Asterolepts, Coccosteus 
and Ctendcanthtu.) 

The island of (Esel in the Baltic sea is thus far the only 
European station outside of the British Isles which has yielded 
indications of a Silurian fish-fauna. These were of an affinity and 
in associations which confirmed the inferences from the English 
specimens as to the nature of the earliest vertebrate life. They 
were in both cases of the same type and consisted of simple shields 
of one or more pieces covering the dorsal and perhaps also the 
ventral surfaces of the animal. The fossils belong to the genera, 
Cyaihaspis and Scaphaspis, if indeed these were not parts of the 
same species. 

In 1885 similar remains were found by Dr. E. W. Claypole in 
the Onondaga rocks of Perry Co., Pa., on a horizon a little lower 
than the Lower Ludlow of England fpom which the oldest speci- 
mens there found had been obtained. These form the genus 
Palceaspis, He also announced a spine ( Onchus pennsylvanicus) 
from the Clinton beds indicating the existence of elasmobranch 
fish at a yet earlier date. 

In 1888 Mr. Matthew discovered in strata referred to the Lower 
Helderberg in New Brunswick remains of a similar nature indicat- 
ing the existence of fish in the seas of that region in Silurian 
time. His species is Diplaspts acadica. 

The last find which has called out this note was made as said 
above by Mr. Walcott in a collection of fossils found near Cafion 
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City, Colorado, by Mr. T. W. Stanton. The find was so surpris- 
ing that a second collection was made from the same place and as 
it confirmed the previous deduction Mr. Walcott himself went out 
to the spot in December last and on examination found that the 
bed from which the remains had been obtained lay about 180 feet 
below others containing well characterized invertebrates of Tren- 
ton age. He therefore concludes that the existence of fish in 
the Trenton series is established. 

It is worthy of note that Mr. Walcott's fossils indicate the 
presence of elasmobranchs as well as of placoderms and in that 
respect confirm previous observations. Should his suspected 
demonstration of notochordal relics among his fossils prove correct 
it must remove all doubt regarding the vertebrate nature of these 
earliest known fish. 

It now remains for some one to discover the ancestors of these 
Trenton fish in rocks of older date for it is not possible to believe 
that they were the primeval vertebrates. 



REVIEW OF EECENT GEOLOGICAL 

LITERATURE. 



The Petrography and Structure of the PiedmorU Plateau in Maryland, 
By Georgb Huntington Williams, of John 8 Hopkins University. With 
a supplement on A geological section across the Piedmont Plateau in 
Maryland, By Charles R. Keyes. Bulletin, G. S. A., vol. ii, pp. 301- 
318, with a plate map, and two sections in the text ; and pp. 319-333, 
with three figures in the text ; March 15, 1891. The rocks of the west- 
ern part of the Piedmont area in Maryland are semi-crystalline, con- 
sisting of phyllites, sandstone, and marble, with very scanty eruptive 
rocks, the last being represented only by Mesozoic diabase or by serpen- 
tine whose origin is still in doubt. The eastern part of the area is 
strongly contrasted with the fopegoing, as it consists of highly crystal- 
line rocks, including sedimentary gneisses, quartzites, and dolomite, and 
eruptive rocks of very great variety and abundance. 

Professor Wiliams writes ; "Rocks whose eruptive origin Is either 
undoubted or most probable cover at least half of the now exposed sur- 
face within the eastern or more crystalline area. A much less propor- 
tion can be assigned with any degree of probability to sedimentary 
formations, while the remainder possess the characters of both classes 
to such a degree that their origin must still be considered as unde- 
cided." In many places the eruptivcs "have suffered hardly less com- 
plete foliation and metamorphism than the sediments which surround 
them, while in both this action is far in excess of what has taken place 
in any portion of the western area.'* 
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Sections crossing the Piedmont plateau show throughout very steep 
or \ertical or overturned dips ; and it is believed that they comprise 
many sharp folds and faults. The most probable hypothesis of the 
structure of this area in Maryland, according to Prof. Williams, sup- 
poses that the eastern rocks are far more ancient than the western and 
extend beneath the latter, forming the floor on which they were do- 
posited ; and that this crystalline floor, previously much folded and 
metamorphosed, underwent at least one more folding after the western 
schists had been laid down, the latter then acquiring their cleavage and 
partial metamorhism. 

The section studied and described by Mr. Keyes extends from Catoc- 
tin mountain southeastward across Sugarloaf mountain and onward to 
Washington. It includes the fossiliferous Frederick limestone, which 
is referred to the Trenton period. 

Electro-Chemical AnalyBla, By Edgar F. Smith, 12mo., 116 pp. 
Philadelphia, P. Blakiston, Son <& Co., 1890. 

This little volume will be useful to those students and others who 
wish to become acquainted with the methods of quantUive analysis by 
electrolysis, which are generally omitted from the larger text books. 
It contains also a historical review of the introduction of the electric 
current into chemical analysis. 

Geological Survey of Kentucky, Report mi the geology of WhUeley 
county arid part of PulaskU With plates and other illustrations, 44 pp. 
Roy. Oct., and a geological map. By A. R. Crandall. This is one of 
those admirable county reports for which the Kentucky survey is well 
known. The geology of the county embraces a range from the Coal 
Measures to the Devonian ; and covers a belt which is well known for 
its bold topographic features and contrasts, from Ohio to Tennessee. In 
the southeastern part of the county the geology and topography are 
varied by the Pine mountain fault, which runs northeastwardly and 
which causes the exposure of the lower members of the Devonian in the 
midst of an area of the Coal Measures. The report gives the details of 
the stratigraphy involving the separate beds of coal, and is finely illus- 
trated by several plates of reproduced photographs of important topo- 
graphic and scenic landscapes. 

There is, however, one defect which we note in this report, one which 
we have noticed in several of the Kentucky reports — U has no date. 
From cover to cover there is no evidence to show what year in the ad- 
ministration of Prof. Proctor the report was published. 

Oeological Survey of Kentucky, Report on the geology of Clinton 
county f with a map. By R. H. Loughridge, pp. 48, Roy. octavo. Sub- 
mitted Feb., 1890. This county ranges from the lower Coal Measures to 
the Cambrian (Hudson River), descending from the southeast toward 
the northwest. Poplar mountain, and some hills further west, consti- 
tute the extreme western limit of the Cumberland mountains within 
Kentucky. The author gives various local sections and some chemical 
analyses of coals. Oil and gas have been known in the county for sev- 
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enty years. Borings made for salt water were annoyed by the oatflow 
of gas and oil at a depth of about 200 feet, but these substances have 
never been brought into economic notice. The report gives also the 
results of an examination into the soils, both chemical and mechanical. 



CORRESPONDENCE. 



ExcuBsioN Across Long Island. Having spent a vacation of four 
weeks last summer at Eastport, L. I., N. Y., near the centre of the 
island, an opportunity was afforded of renewing my study of the drift 
phenomena on that wonderful little isle by the gate of the sea. During 
my stay, at Eastport I made an excursion across the island to Wading 
River. A walk of about throe miles brought me to the so-called ** Back- 
bone " supposed to mark the terminal front of part of the great continen- 
tal ice-sheet, or Laurentide glacier. The boulders begin to be quite 
plentiful and the glacial till is easily recognized. 

After leaving Manor however, the boulders begin to disappear and 
few are seen in crossing the Biverhead valley — an old subglacial river 
channel — until Wading River Is reached and where the northern series 
of hills rise along the sound. Here again the erratics are met with in 
abundance and are much larger than those seen along the line of the 
terminal moraine at Manor. I had been inclined to believe that geolo- 
gists were in error in supposing that these two moraines represented 
two separate Glacial epochs, as I never could see any evidence of more 
than one, but this trip across the island tended to shake my faith in the 
one glacial movement, for if one ice-sheet covered the whole island at 
the same time, how is it that no boulders are found in the intervening 
valley ? 

At first I was sorely puzzled. Another problem presented itself. I 
saw that the boulders at Wading River far exceeded in size any we had 
noticed along the southern ridge and it occurred to me that this was 
proof of two distinct ice-sheets, for one glacier would not be likely to 
drop all of the large erratics on the north side of the island. 

A subsequent visit to Rock hill, however, cleared away some of those 
doubts, for there on the very summit of the southern ridge, or back- 
bone as it is called, was an immense boulder similar to those at Wad- 
ing River. The natives have been quarrying from it for the past hun- 
dred years or so, and yet this erratic from which the hill derives its 
name, is more than fifty feet in circumference and about twenty feet 
in hight for it stands up among the pines like a huge monument, or 
obelisk, in the desert. It is very impressive. It looks as if it might 
have been dropped by floating ice. but it would be strange if floating ice 
would drop its burden directly on the summit of the terminal moraine ; 
besides this huge erratic lies directly in the path of the glacier on its 
'* march to the sea.'' It is a coarse gneissic granite and must have been 
torn from the same parent rock as those of the same kind seen at Wad- 
ing River. 
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I am more than ever convinced that the two series of ridges belong to 
one and the same Glacial epoch. The absence of boulders in the valley 
can be explained, I think, in this way, that a glacier partakes very 
much of the character of the ground over which it passes, and really 
the surface part of the island is a cost, so to speak, of the mainland. 
Portions of the ice-sheet were freighted with boulders and parts of it 
were not. In general, of course, the erratics become smaller to the 
south, and this system, for it is a system, of moraines and boulderless 
valleys or depressions, may go far to account for the so-called ** fringe." 
The true terminal moraine has yet to be defined. 

LouUviile^ Ky,, March 23, 1891, John Bbyson. 

Cbetaceousand Tkbtiary Stbata neab WiLBfiKOTON, N. C* Amer- 
ican geological literature contains many references to the Eocene 
beds of Wilmington, N. C. and the Cape Fear river region and to the 
occurrence of Cretaceous fossils in them. This commingling of Cre- 
taceous and Tertiary forms has been denied by some authors and of 
those who accepted the fact some have held that the species were actu- 
ally contemporaneous, others that they were mechanically mixed by the 
breaking down of fossiliferous Cretaceous strata during Eocene time. 
Dr. W. B. Clark who has publishedf the latest observations on these de- 
posits, gives positive proof of the commingling of faunas and states his 
belief that they were mechanically mixed. 

During a recent visit to that region the writer found the probable 
source of the Cretaceous forms in a bed of highly fossiliferous siliceous 
limestone of Cretaceous age which lies immediately beneath the zone of 
Tertiary phosphatic conglomerate in which the commingling occurs. 
The Tertiary section varies from point to point and is never more than 
a few feet thick. At Castle Haynes, 10 miles north of Wilmington, and 
at Rocky Point, 20 miles north, it may be described as follows : 

1. VThite limestone with many Tertiary and perhaps a few Cretaceous fos- 

sils 2to4ft. 

2. Conerlomerate of grreenisli phosphatic pebbles, usually cemented with 

lime, in some places imbedded in sandy clay. Sharks' teeth and 
Tertiary molluscs and corals are numerous. Cretaceous fossils also 
occur. Til ickiiess 2 to 6 ft. 

3. Gray siliceous limestone full of Cretaceous fossils. Thickness undeter- 

mmed. 

This last named layer is exposed in the bank of the creek at Castle 
Haynes and a considerable quantity of it has been quarried from be- 
neath the conglomerate in the phosphate pits at the same place. It has 
also been found in the deeper pits at Rocky Point, though at the time of 
my visit it was covered with water. There were many fragments of it 
lying on the dumps there, some of them with the phosphatic conglom- 
erate attached to one side. It is possible that some of the Cretaceous 
species that have been enumerated by various authors as coming from 
the Ek)cene were really taken from this lowest stratum and mixed on the 
dump, as no previous writer has mentioned the existence of this Creta 
ceous bed though several have stated that the Tertiary rests on the 
greensand marl. 

^Published by permission of the Director of the U. S. Geological Survey. 
tBull. Geol. Soc. Am. Vol. I. pp. 637-630. 
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AmooR the fossils of No. 3 are such well known Cretaceous forms as : 

Cardium eofaulense Con. Pachycardium spillmani Con. 

Ezofiryra costata Say. Ostrea subepatulata L. & S. 

Aphrodina tippana Con. Crassatellapteropsis Con. 

CucuUiea antrosa Mort. Triflronla divaricata Tttomey=T. anguli- 

costa Grabb. 

Most of these forms are very numerous and there are several others 
not fully identified, but none of the Tertiary forms so abundant in the 
overlying beds are found in No. 3. 

The existence of a highly fossilferous Cretaceous stratum in contact 
with the Tertiary was the one fact needed to complete the explanation of 
a mechanical mingling of the faunas and it is, therefore, deemed worthy 
of publication. 

17. S. QeologicaL Survey, T. W. Stakton. 

Washington, D. C, April 9, 1891, 



PERSONAL AND SCIENTIFIC NEWS. 



An Australian Sample of Gold has analyzed as high as 99 per 
cent, gold and the remainder silver, with iron and copper. Again, 
a sample of gold from Trans^-lvania contained as high as over 38 
per cent of silver. But the average purity of the gold found all 
over the world is about 85 parts gold and the remainder silver, 
with iron and copper in greater or less quantities, together with 
traces of the rarer metals. The average fineness of California 
gold is about 88 per cent, of gold. The average of Australia is 
about 92 per cent Of the best grade of Nova Scotia 97 per cent 
Of Chili, the average is about 82 per cent Of Russia, 93 per 
cent. And thus all gold found in any country, has so far shown 
by actual analysis, that it contains more or less silver intermixed 
with it as an alloy in various proportions, and also nearly alwaya 
is found contaminated with iron and copper, and sometimes with 
traces and even appreciable amounts of palladium, rhodium, osmium, 
iridium, etc. — Dr. Willis E. Everette. 

The Legislature op Texas, which has just adjourned 
provided for the continuance of the geological survey by appro- 
priating the sum of $35,000.00 per annum for the next two years. 

In addition to this amount the printing is provided for in the 
appropriation for public printing, and sums were allowed for the 
testing of the lignites and preparation of a state map, which will 
very much increase the total available funds of the survey. The 
salary limit was also increased five hundred dollars each for the 
state geologist and three assistants and provisions made for a 
good suite of rooms for the chemical work of the survey in the 
new laboratory building to be erected at the University of Texas. 

The Legislature op Minnesota has also aided the state 
geological sur>'ey by appropriating $15,000 for the next two 
years for work in the field and for apparatus in the laboratory. 
This is in addition to the proceeds from the Salt Spring landa 
which in the past have supported the survey. The survey reports 
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are printed as state documents, under standing law, and the cost 
thereof is not chargeable to the survey funds. 

This legislature also established a School of Mines at the State 
university, appropriating $6,000 for that purpose, and $4,500 per 
year for its maintenance. 

In California $50,000 have been appropriated by the Legis- 
lature for the support of the State Mining Bureau for the next 
two years, this being just one-half the amount appropriated by the 
preceding L^islature for the same length of time. This includes 
the cost of printing its report. 

Mr. Charles K. Reyes has been appointed palaeontologist 
of the Missouri geological survey. 

Through the instrumentality op chaplain John D. Parker 
of the U. 8. Army, while stationed at Fort Robinson, Neb. , ini- 
tial efforts were made in the fall of 1890 for the organization of 
the Nebraska Academy of Sciences. A largely attended meeting 
was held Jan. 1, 1891, at Lincoln which resulted in a permanent 
organization, with Dr. J. S. Kingsley, of the Nebraska State Uni> 
versity, as president, and Prof. W. E. Taylor, of Peru, as secre- 
tary. The first publication of the Academy contains the consti- 
tution and plan of organization. Chaplain Parker was largely in- 
strumental in originating the Kansas Academy of Sciences, aa< 
well as the Kansas City Academy of Sciences. 

Discovery of Mastodon Remains in the Shenandoah Valley, 
Virginia. While excavating a boggy depression for the purpose 
of making a fish-pond on the land of Mr. Frank, near Edom, 
Rockingham Co. , the bones of a mastodon were discovered which, 
according to Dr. Zirkle, will make an almost complete skeleton. 
The latter gentleman has secured the remains and will present 
them to the National Museum. 

The Gap Nickel Mine. This mine situated near Gap Station, 
Lancaster Co. , Pa. , and the source of most of the nickel used in 
this country is about to shut down, in fact work is now practi- 
cally suspended, only a few miners being at work in prospecting 
for new bodies of ore, and, from all appearances, with little prob- 
ability of success. The ore has gradually been thinning out for 
several years. The history of this mine is remarkable. For 
many years it was worked for copper, the nickeliferous pyn'hotite 
being thrown away as worthless until the year 1853, when its value 
was discovered. The vein is vertical and varies from four to- 
thirty-five feet in width. Paying ore about Mt\ feet from surface ; 
the gauge is mica schist and hornblende ; formation Lower Silur- 
ian limestone. 

Prop. James Geikie, op Edinburgh, gave during March and 
the early part of April a series of ten lectures in Boston, under 
the auspices of the Lowell Institute, his theme being < < Europe 
during and after the Ice Age. " Among many important matters 
brought out in these lectures supplementing this author's well 
known works on the <* Great Ice Age " and ** Prehistoric Europe," 
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perhaps the one of greatest interest relates to the extent of the 
ice-sheets of the British Isles and continental Europe during the 
latest Glacial epoch. Professor Geikie recognizes certainly two 
and probably three or more epochs of glaciation, between which 
the ice was melted away and as genial climate prevailed as now. 
Whereas at the time of maximum glaciatlon, the British ice-sheet 
reached south to the vicinity of London, its latest extension was 
only to Lincolnshire ; but Scotland was wholly ice-covered during 
botii of these epochs, excepting only its highest mountain peaks. 
A map of the latest Scandinavian ice-sheet was displayed, repre- 
senting Norway and Sweden as enveloped by ice, excepting a oon- 
fiiderable part of Gothland in southern Sweden. Eastward this 
ice-sheet appears to have extended to the White sea and to the 
northwestern borders of lakes Onega and Ladoga and of the gulfs 
of Finland and of Riga ; while a hook-shaped broad lobe, called the 
<< great Baltic glacier,*' occupied the area of the Baltic sea, ex- 
tending south into northern Germany and west over about half of 
Denmark. Well defined moraines on the extreme borders of the 
glacial drift in Europe are rare, as they are likewise in the Missis- 
sippi basin of the United States ; but in both countries the more 
limited r^on of the last glaciation is bounded by moraines, some 
of which have been traced in Great Britain by the late Prof. H. 
C. Lewis, and in Germany by Prof. R. D. Salisbury, both being 
observers who had examined portions of the terminal mondnes of 
the United States before going to Europe. 

In the closing lecture the causes of the Glacial period were con- 
sidered. Prol Geikie believes that the astronomic theory of the 
late Dr. Croll, referring the glacial climate to eccentricity of the 
earth's orbit, with accompanying favorable geographic condi- 
tions, is more probable than the explanation that was advanced 
long ago by Lyell and Dana and has been urged anew recently by 
Upham and LeConte, ascribing the ice accumulation to great 
-elevation of the land and changes in the course of oceanic cur- 
rents. According to the former theory the Ice age terminated 
about 80,000 years ago. The latter theory, however, is capable 
of accounting for the late glaciation of the northern United States, 
which, according to the careful estimates of N. H. Winchell, An- 
drews, Gilbert, and Wright, from the amount and rate of post- 
glacial erosion in different and widely separated localities, was 
only brought to an end some 7,000 to 10,000 years ago ; or in- 
deed it can equally account for the still more recent glaciation of 
the Sierra Nevada and other Cordilleran ranges, which Russell 
and Becker believe to have occurred much nearer to our own 
times. Professor Geikie entirely distrusts these estimates of the 
length of postglacial time ; and the formerly great altitude of boUi 
North America and Europe, which is proved by fiords and by 
river valleys now submerged 2,000 to 3,000 feet beneath the sea, 
he would refer to geologic periods previous to the Ice age. 
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PETROGRAPHICAL TABLES. 

Alfred G. Lane, Houghton, Mich. 

The two tables that are given herewith are for the use of the 
students of the Michigan Mining School. I have asked for their 
publication in the Geologist, not only because they may be 
useful to its readers, but because in tables of the kind errors 
are liable to creep in, in spite of all feasible care. I hope for 
corrections and suggestions, and shall be obliged to those who 
send me them. I will try to acquaint them with the corrections 
of others. 

1, The first table is to enable tyros to quickly recognize the 
minerals of a rock section with a good degree of probability. It 
is based on L^vy and Lacroix's tables and contains the substance 
of them with slight additions and corrections. The minerals are 
arranged according to their optical properties. These are gener- 
ally well defined. As in other such tables there may at times be 
doubt between alternatives, where we must impale our mineral on 
both horns of the dilemma. • 

In dividing minerals according to the index of refraction I have 
thrown them into three groups according as they have practically 
the same refraction as Canada Balsam and no relief, or are more 
in relief yet do not ordinarily appear rough in surface, or are 
commonly rough in surface ( * ^riinzelig chaginirt"). One can always, 
I think, throw out one of these three groups in studying a given 

25 
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mineral. The only minerals that I think of where the double 
refraction, i. c. diflference of refraction, is so great that it is 
plainly perceptible without using both nicols are the carbonates 
(for which it is characteristic), and talc and sericite, where it maj- 
be complicated with pleochroism. 

The double refraction is of course indicated by the highest of 
Newton's colors that the mineral gives. If there is any quantity 
of tlie mineral in the section, and of a known mineral, as quartz, 
with which to compare it, the double refraction can be determined 
to about ten per cent, of accuracy. For the retardation corre- 
sponding to the highest color on Newton's scale given by the 
unknown mineral, is to the retardation corresponding to the high- 
est color given by the known, as the double refraction of the 
former is to that of the latter (i. e. , . 009 for quartz). 

The classification hy double refraction is rather arbitrarj^ I 
have tried to have as few minerals as may be on the border lines, 
and to have the groups broad enough so that one can really de- 
termine in which a given mineral belongs. Yet here, too, it is 
generally best, if b}' its double refraction you think that it belongs 
in one group, to consider adjacent groups as also possible. 

Most minerals have an extension, — either perpendicular to the 
best cleavage, if there is but one, or if there is more than one, 
equally good or nearly so, in a zone, — parallel to their intersection. 

This directiop of extension is generally easily recognized. It 
is almost always near the same direction of light vibration, 
whether that be the one corresponding to the greatest refraction 
(c) called -{-, or the other called — . In quadratic and hexagonal 
minerals the extension and an extinction will be in the same 
direction, and in rhombic and many pseudo-quadratic or hexagonal 
minerals it is practically so. Such are placed in the columns 
-|-ex.O or —ex. as the case may be. Rarely the extension is in 
the direction of the mean index of refraction, so that the extinc- 
tion in that direction is sometimes direction of greatest index 
of refraction sometimes of least Then it comes in the column 
4:ex. 0. 

If the extinction lies always within 45"* of, but not always 
coinciding with, the -|- extinction, it is put down as -|-ex. not 0, 
and similarly with —ex. not 0, and +ex. not 0. After each 
mineral is given the extinction angle, if any, then b the middle 
index of refraction, then as a numerator 27 and denominator c— a. 
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In uniaxial minerals 27 =0, t. e., b=:c or a, and the double 
refraction is written directly preceded by the sign of the mineral, 
which is at the same time that of (e— o). 

When the dispersion of the optic axes is strong that is noted ; 
^<9 means, for example, that the hyperbolas are bluish toward 
the center. If the mineral is colored that is also noted, and some 
other briefly put characters. But it should not for a moment be 
forgotten that such tables serve merely for probable recognition. 
Not only are there many yet undescribed minerals, but the prop- 
erties vary through isomorphic or morphotropic groups, and in 
some cases optical diagnosis will not serve to distinguish well 
known and defined minerals (e. g. ), zircon and cassiterite. It ordi- 
narily suflices, however, for the common minerals. (The diflSlcult 
and not very common group of zeolites are bracketed. ) 

2. The second table illustrates Eosenbusch's classification of 
the igneous (massive *<massige") rocks, and is founded on his 
last edition. The rocks are arranged as far as practicable in hori- 
zontal rows according to like mineral composition. Like struc- 
tures, and names when confined to a determined structure, are in 
vertical columns. 

I have thought it best to add numerous references to page and 
line. Each page is sui)posed to have forty lines, and the line is 
added as a decimal to the number referring to a page. The table 
may be taken, then, as an analytical index to Eosenbusch's second 
volume. For the benefit of those who know neither the author 
nor the book, it should be added that he regards petrographic 
classification as in a transition stage, and has purposely omitted 
to make any general table himself. I do not know if one is 
forthcoming in his shorter petrograph}'. The classification is not 
exactly in the order given by the book, although it finds its justi- 
fication there, nor will it be accepted by him as anything final. 
It may, however, also be useful as a guide to the present use of 
rock names by those who follow the book, to those who do not 
read German fiuently. Levy's critique and tables have already 
been referred to in this magazine. In the table some constituents 
whose names are embodied in that of the rock are printed in 
italics and not repeated. 

My obligations to Doctors H. B. Patton and L. L. Hubbard for 
suggestions and help in proof-reading are great. 
HoxighUm, Bee,, 1890. 
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MECALONYX-BEDS [N KANSAS. 

J, A. Udden, Rock Island, 111. 
Over parts of the western plains there are found deposits con- 
sisting of gravels, sand, volcanic dust, and loam, which have been 
regarded by some as belonging to the Quatemaiy age, and by 
others as belonging to the Fleiocene.* Having some time ago 
found such deposits in the central part of Kansas, and having ob- 
served some features in them that may be of interest, I venture to 
ofiter the following notes on their occurrence in McPherson county, 
Kansas. 




TheheBvj ^.^ 

kansaa gyatema ; the itliaded part repreaenta the ancient trough cioaslns it. vau. ubu. 
QIBT, vol. G, p. BT.) 

The eastern border of the Dakota sandstone runs in the general 
direction from the southwest to the northeast through the central 
part of the state. With its wide fringe of scattered outliers it 
makes the most rugged topc^^phy in the state. Such topography 
is well adapted to preserve remnants of ]ater materials imposed 
upon it In the belt of Bokotan outliers referred to, there is a 
trough-like depression several miles wide and perhaps fifty miles 

"O. St. John. Fifth Biennial Reportot the State Board ot Agriculture, 
pp. 146-151.— F. W. CTagln, Bulletin of the Washburn College Labora- 
Xoir, March and April, 1885.^R. T. Hill, Texas Geol. and Sci. Bulletin: 
Austin, Oct., 1888; The American Geologist, Jan., 1890.— Jtobert Bay, 
Sixth Biennial Report, Kansas State Board of Agriculture, p. 104. — E. 
D. Cope, Tertiary Vertebrata, p. 4 — Dr. Samuel Aughey, Physical Geog- 
raphy and Geology of Nebraska, 1880.— Pro/. J. E Ti)3d. Science, April 
23, 1686. Proceedings of the American Association for the AdvancemcDl 
Of Science, Vol. XXXVII. 
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long extending north and south from the city 
of Salina to about fifteen miles south of Mc- 
Pherson. The superficial material in the bot- 
tom of this depression is composed of the de- 
posits in question, while the borders expose 
the underlying country rock, the so-called 
<< Red-Beds" and the Dakota sandstone. It 
suggests an old valley partly filled with sedi- 
ments and now again under excavation. The 
Smoky Hill river has carved its bed through 
the northern end, and here erosion has nearly 
reached the old bottom, and the river has 
J^H thrown its mantle of alluvium over extensive 
areas along its course. The southern end, 
extending from the valley of the Smoky to 
that of the Little Arkansas, is marked by a 
rather steep slope along the western margin 
and by a chain of lakes and basins, that make 
a rather unique feature in a country otherwise 
well drained. This end is crossed at right 
angles by the water-shed between the two prin- 
cipal drainage systems of the state, the Kan- 
sas and the Arkansas. As might be expected, 
the deposits here attain their greatest thick- 
ness, which cannot be far from 150 feet. It 
is at a point where a line of minimum ero- 
sion, the watershed, intersects a line of max- 
imum development, the trough. 

Taken in ascending order, the materials de- 
J^gg posited in the southern end of the trough are 
•SJll as follows : ( 1 ) gravel, ( 2 ) sand, ( 3 ) clay, 
*l S I a ( ^ ) volcanic dust, ( 5 ) j'ellow marl. The thick- 
ness of each of these, as well as their composi- 
tion, even that of the clay, is very variable. 
The gravel is mostly confined to the deeper 
parts of the trough. It is mostly strongly 
cross-bedded and it varies considerably in 
coarseness. In a few places carbonate of lime 
is present as an efficient cement Pebbles of 
^f-f I different kinds of crystalline rocks are not un- 
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common, and occasionally some are found of purest crystal- 
line quartz. The gravel also contains fragments of silcified 
wood and of petrified mammalian bones. Occasionally round 
masses of clay are met with. Near the city of Mcpher- 
son, where extensive excavations have been made in the sand, a. 
number of angular boulders of Cretaceous clay have been laid 
^ bare, some of which are over eight feet in the direction of their 
longest diameter. These boulders must have been transported a 
considerable distance, for no similar rocks are known to occur un- 
disturbed within a distance of thirty miles. At the same place 
just above the sand and gravel in a somewhat soil-like stratum 
there was exposed in the bank, a few feet apart and extending for 
a distance of at least two rods, two layers of rounded boulders of 
a pure white calcareous substance and having a diameter of from 
three to eighteen inches. They were crowded together and their 
position was such as to suggest that they were left in their present 
position by stranded ice. This suggestion is supported by the- 
circumstance that the locality is towards the rim of the trough. 
As far as the writer has been able to find out, the material of 
these boulders is unlike any rock found in the state. It consists 
of an aggregate of crystals of carbonate of lime ( arragonite ? > 
with an average length of . 0001 mm. Mr. Geo. P. Merrill, wha 
has examined it, says he has seen similar material from the 
Cretaceous of the south. That these boulders have been trans- 
ported by floating ice does not admit of a doubt, and a southern 
or south-eastern extension of the water in which the ice floated, 
would not seem improbable. A large chert-pebble from the 
gravel was found by Mr. £. O. Ulrich to contain several bryozoans 
from the the Sub-carboniferous.* From the gravel and sand have 
been taken the following fossils, identified by professors E. D. 
Cope and R. Ellsworth Call (Nos. 1 and 2 are from the bottom of 
the gravel, the others from near the top of the sand ): 
1) Megalonyx, sp.f 2) Equus major De Kay. 

♦Professor J. W. Spencer thinks central Missouri affords evidence of 
a northern (north-western ?) extension of the waters In which some of 
a subaqueous drift described by him was deposited. See ** Sand-boul- 
ders in the drift, etc.," by J. W. Spencer, Am. Nat., October, 1887, p. 
921. The bryozoans in the pebble examined by Mr. Ulrich were Fenes- 
tella aperta Hall, F. compressa Ulrich, and Polypora maccoyana Ulrich, 
the two last ones belonging to the Keokuk group. 

fThe fossil is a skull, which quite closely resembles Megalonyx jeffer- 
sonl Harlan, but differs from this in some important respects. At an 
early date It will be described by Dr. J. Lindahl as Megalonyx leldyl In 
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3) Spherium striatum Lam. 4) Sphorium sulcatam Lam. 

5) Pisidium abditum Haldeman. 6) Aiiodonta, sp. 
7) Valvata tricarinata Say. 8) Gammarus, sp. 

The top of the gravel changes into sand and this by transitions 
becomes clay. At first this clay is mixed with coarser material, 
bat this disappears above, where it is entirely homogeneous. At 
one place it is very fine and has a jointed structure. The joints 
show beautiful dendritic impressions of manganese oxide. At 
another place it is coarser, the jointed structure is absent, and the 
manganese (?) is seen only as distant blotches. As far as known 
the thickness of the clay does not exceed four feet 

Resting on the clay and separated from it by a well defined line 
of contact, there is a stratum of volcanic dust which has been 




The dotted part represents the area over which the Pleistocene is at least 75 
feet deep. The representation of the Cretaceous is from memory. 

identified at six places that run in a line across the trough on the 
north slope of the watershed. The altitudes of these exposures 
range from 1430 to 1480 feet above the sea level. In the outcrop 
occupying the lowest level, the material is well assorted, the fine 
and the coarse grains being separated into intermingled, but dis- 
tinct, thin layers. It has here settled through a considerable 
depth of water. At another place where it occupies a position 
about 40 feet higher, the particles are not assorted, the bed rests 
on a thin black seam containing bog-manganese and bog-iron, and 
underneath the jointed cla}- is dark and carbonaceous. This sug- 

the Proceedings of the Phil. Ac. of Nat. Sciences. The specimen was 
figured in the August number of the American Naturalist for 1890. 
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gests the bottom of a swamp. In the lower part of the dust there 
are vertical holes and impressions of round and triangular stems and 
V-shaped leaves or sedges that evidently were slowly buried under 
the falling dust Mere shreds of these plants remain in the empty 
moulds, but in some of these there are siliceous skeletons of fresh- 
water algae, which must have become entangled on the stems of the 
sedges. The water cannot have been deep at this place, when the 
dust fell. Above the hight to which the impressions of the buried 
vegetation extend, the deposit becomes ripple-bedded. Evidence 
of the rocking motion of the not very distant surface-waves of the 
water is also seen in the formation of pills, somewhat resembling 
pisoliths, which are found imbedded in the dust and must have 
been rolled together by the waves. There can be but little doubt 
that the surface of the water was within a few feet of the top of 
this deposit, when it was formed. If such was the case and if 
the locality does not represent an old isolated pond, as does not 
appear likely, then it furnishes a clue to the relative hight of the 
water level at the time of the falling of the dust. In such case 
it is certain that the water presented an expanse several miles 
wide in the trough described, and this must have been confluent 
with another and still wider body of water in the Smoky Hill 
river valley to the north. The Cretaceous buttes to the east and 
to the north were not submerged, and to the north-west the same 
rocks must have formed a considerable stretch of land, even if 
allowance is made for a subsequent tilting of eight feet per mile 
to the east 

The top of the volcanic dust gradually changes to a buff- 
colored loam, which in many places resemble loess. It is rich in 
carbonate of lime, which often forms concretions. It varies in 
coarseness from that of fine sand to coarse clay, and sometimes 
acquires a drab color. The thickness of this deposit is greatest 
in the middle of the trough, but it extends over the borders of 
this, and though often modified by the action of wind and water, I 
think it may be regarded as a remnant of the latest general 
deposits of the plains in this region. * 

*I suspect that this is the same as the *' loess-like " formation In Ne- 
braska described by F. W. Russell in the American Geologist for Jan., 
1891, and that it is related to the lake sediments spoken of by Dr. L. £. 
Hicks in his paper on *' An Old Lake Bottom," (See Bull. Geol. Soc. Am. 
Vol. 2, p. 25, etc.) The peculiar topography described in this paper is 
duplicated on a smaller scale in the lakes and basins of McPhersou 
county. 
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In conclusion, then, I wish to call attention to the following 
points : ( 1 ) Previous to the last deposition of sediments the 
country had much deeper drainage-channels than at present 
< 2 ) The time of the making of the gravel and the sand being 
coincident with a period of increasing humidity, changes of the 
water-level may have caused minor local unconformities between 
deposits that are closely consecutive in time. ( 3 ) The volcanic 
dust was not deposited in waters forming one great lake in this 
region. (4) The fauna of the Equus beds and that of the Me- 
galonyx beds must have been, at least to some extent, contempo- 
raneous*. 

Augustana College, Rock Island, 111. 



ON THE PHYSICAL GEOLOGY OF TENNESSEE AND 

ADJOINING DISTRICTS IN THE UNITED 

STATES OF AMERICA. 

By Dr. Edward HuLL.t 

WITH NOTES AND COMMENTS. 

By Aug, F, FoersU, Cambridge. Mass. 
The Unaka Range, on the boundary of Tennessee, is composed 
chiefly of granite, gneiss, and crystalline schists, presumably of 
Archsean age, and forming a prolongation of Prof. Dana's ^ < Ar- 

*This statement is based on the authority of professor Cope, who has 
determined the age of the deposits from the fossils named above, and 
who published a figure of the Megalonys skull in American Naturalist 
Vol. XXIII, PI. XXXI. The statement made by him in the same place, 
that the skull was *' found in the Ticholeptus beds of Kansas" was a 
lapsus caUmii afterwards corrected by himself. In a letter to me writ- 
ten a year before the publication of this number of the Naturalist, he 
gives the age of the fossils as Plistocene. The occurrence of E. major 
and Megalonyx in the same gravel seems to verify professor Copers sap- 
position that the Equus beds run into the Plistocene, when •he says 
( Tertiary Vertebrata, p. 4.): "A probably continuous succession of 
lakes has existed from this period ( Loup Fork ) to the present time in 
ever-diminishing numbers ;** and it also bears out his guess that, ^*this 
fauna ( Equus ) was probably contemporaneous with that which roamed 
through the forest of the eastern portion of the continent, whose re- 
mains are enclosed in the deposits of the caves excavated from the an- 
cient limestones." The recent discovery of Megalonyx in undoubted 
Plistocene deposits in Ohio, the character of the molluscan remains 
taken from the clay above described, and the evidence of ice-action in 
the sand, supports Gilbert's argument that the Bkjuus fauna must be 
referred to the Plistocene time division (Lake Bonneville, p. 397); and 
the ** old " character of the topography of these beds in Kansas may 
perhaps help to explain the difference discussed by this same author 
( p. 401 ), between the physical and the biotic evidence relative to the 
age of the Equus beds. 

f London Quarterly Journal, February, 1891. 
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chsean Protaxis. " *< From the base of the Cambrian beds, where 
they rest discordantly upon those of the Archaean Protaxis, the 
whole series of Lower- and Upper-Palaeozoic formations succeed 
each other in apparently conformable sequence, except at the 
junction of the Lower- and Upper-Silurian series, where a prob- 
able discordance occurs. Throughout the prolonged period dur- 
ing which these formations were being deposited, there was con- 
tinuous subsidence with occasional pauses, over the region lying 
to the west of the Archaean continental area, and successive for- 
mations of marine strata were laid down in vast sheets over the 
bed of the ocean, never very deep. In later Carboniferous times 
the marine deposits gave place to those of lacustrine or estuarine 
origin, but still without any apparent discordance in the strati- 
fication ; so that the Upper and Lower Carboniferous beds are 
apparently conformable to each other, and these again to the 
Devonian and Upper Silurian." This sequence of conformability 
might just as well have been extended down into Lower Silurian 
horizons since no actual discordance was observed in Tennessee, 
and conditions noticed in New York and the New England states 
do not determine the presence or absence of breaks in the con- 
formability of strata in a neighboring state. Tennessee however 
is far distant. 

^* The prolonged period of subsidence and deposition above de- 
scribed at length gave place to an epoch of elevation and con- 
traction of the crust, acting with greatest effect and intensity 

along the line of the Alleghanies, where the Palaeozic strata 

are. folded, flexured, and even reversed along parallel axes 

The foldings of the strata, it is well known, generally subside in 
a westerly direction towards the valley of the Ohio, and ultimately 
pass into widely extended domeshaped centres of elevation with 
intervening areas of depression. Amongst the former are the 
<< Cincinnati uplift'' and the anticline of the Nashville Silurians ^ 
amongst the latter is the region of the Cumberland plateau, which 
lies along the centre of a broad syncline. " It is evident from 
these remarks that Dr. Hull ascribes the formation of the C incin- 
nati-Nashville anticlinal to post-Carboniferous times. At the 
close of this period of folding eastern Tennessee could be termed 
a great valley, the lowest parts of which lay within the region of 
the present Cumberland plateau, and the boundaries of which 
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were the Archaean Protaxis on the east and the crest of the Cin- 
cinnatL-Nashville anticlinal axis on the west. 

This great valley was more or less sabdivided by minor parallel 
flexures. Thus the Seqoatchee anticlinal, at present occupied by 
the valley of the Sequatchee river for a distance of sixty miles ex- 
tends along the middle of this great valley. < < The flanks of the 
Sequatchee valley are composed of Carboniferous grits and shales* 
resting on limestone, from below which the Devonian and Silurian 
strata emerge with a dip in the direction of the sides of the val- 
ley. The valley is therefore clearly in the line of an anticlinal 
axis, and to this it probably owes its origin, though it is possible 
that there may be a fault here running in a parallel direction, 
along which river-erosion has acted through a lengthened period. 
The Little Sequatchee, a smaller valley further to the west is prob- 
ablv due to a similar anticlinal flexure. " The Tennessee itself, 
north of Chattanooga, is figured as occupying a secondary anti- 
clinal valley, just east of the present Cumberland plateau. The 
great valley of east Tennessee, stretching eastward as far as the 
Archaean Protaxis, is occupied by formations often highly inclined 
or thrown into flexures. 

The r^on along the Archaean Protaxis, which was perhapa 
never altc^ether submerged, was upraised gradually into high 
land, and thus subjected to extensive erosion long before the more 
western districts which remained under water and undenuded, or 
were but slightly emergent. < < As time went on, these western 
tracts wherever in the line of anticlines, were themselves ele* 
vated and eroded, and ultimately the syndines themselves. " It 
is evident from the context that the author ascribes most of this 
erosion to subaerial influences brought to bear upon the land areas 
while gradually arising from the sea. According to this, the 
synclines being the last parts to emerge from the sea were the last 
to suffer erosion. But even then the syncline of the Cumberland 
plateau region was protected by the massive Carboniferous grits, 
which still capped them, whereas erosion removed this protection 
from the earlier exposed sides of the great valley, the regions of 
the Nashville anticlinal and the valley of east Tennessee. The 
cutting back of the strata no longer protected by these grits^ 
in the direction of their dip, left the synclinal area relatively 
higher than the anticlines and thus formed the Cumberland pla- 
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teau, and caused its marked elevation above the surrounding 
districts. 

Special attention is directed to the following sentences ( in 
which the italics do not belong to the original ), since they give the 
author's views as to the emergence of this area from the sea. 
** In the region with which we are specially concerned, the line of 
the Unaka Range and Blue MountatnSj which was perhaps never 
altogether submerged^ was upraised gradually into high land. The 
Cambrian and Silurian strata were subjected to erosion; and 
streams carrying the materials flowed down the flanks of the emer- 
gent land into the sea or estuary to the westward. As time went 
on, these western tracts, wherever in the line of anticlines, were 
themselves elevated and eroded, and ultimately the synclines 
themselves. " The author evidently conceives the existence of the 
sea in the synclinal region along the Cumberland plateau, after 
the anticlinal area to the westward had already been elevated 
above the sea. This, however, is not consistent with the main 
tenor of his paper, of which the following paragraph is a brief digest 

That the Cumberland plateau formerly occupied a relatively 
lower position than the areas towards the eastward, now occupied 
by the east Tennessee valley is shown by the Tennessee river at 
Chattanooga, which instead of continuing its course in a southerly 
direction into the gulf of Mexico, by crossing a saddle which is 
only 270-280 feet above its bed, has preferred a channel through 
the Cumberland plateau rising 1400-1500 feet above its bed It 
is evident also that during the time the Tennessee was cutting its 
channel through the plateau, this area must have been at a lower 
level than districts farther south, in the region of the saddle 
to which reference has just been made. Ultimately the Tennes- 
see, instead of continuing its course in a southerly direction into 
the gulf of Mexico, makes a great sweep to the northward, on the 
west side of the Cumberland plateau, and joins the Ohio at a dis- 
tance of about forty miles above the junction of that river with 
the Mississippi, thus adding to its course a length of about 800 
miles ! 

Notes and Comments by Aug. F. Foerste, Cambridge ^ Mass, 

The course of the Tennessee ^t Chattanooga shows that while 
the river was cutting its channel through the Cumberland plateau, 
this plateau must have lain at a lower level than the land both to 
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the eastward and towards the south. Bat the region of the pla- 
teau itself must have for similar reasons occupied a higher eleva- 
tion than districts farther down the course of the Tennessee and 
since this region is at present an anticlinal area it follows that the 
anticlinal was not in existence at the time when the Tennessee 
was cutting its channel through the Cumberland plateau, or else 
that suba6rial erosion had, previous to the erosion of this channel, 
reduced the anticlinal to such a low base-level that this region 
practically offered no impediment to the courses of streams across 
it. The latter view, however, scarcely seems tenable, nor does it 
seem to be the view held by Dr. Hull. 

The view that the Tennessee river was in existence before the 
Nashville anticlinal and maintained its channel across the Nash- 
ville anticlinal area during the process of the development of the 
fold which characterizes it, is made more probable by similar 
phenomena farther northward. Thus the Cumberland in northern 
Tennessee, and the Green and Kentucky rivers in Kentucky cross the 
anticlinal on their way to the Ohio. The Licking river joins the 
Ohio at the very crest of the anticlinal. The Ohio itself, from the 
mouth of the Sandy river to its confluence with the Mississippi is 
itself a striking example of a river crossing the Cincinnati-Nash- 
ville anticlinal. 

If this view be correct then the elevation of the land above sea 
level preceded the folding. This elevation must have been most 
strongly marked towards the east and its inclination must have 
been sufflcient to have given a marked westward flow to the rivers 
flowing down its flanks into more western seas. At one time this 
emergent land area must have extended as far and even perhaps 
beyond the region later occupied by the Cincinnati-Nashville anti- 
cline. In this land area the rivers probably secured more or less 
fixed water channels. Then folding took place. The Tennessee, 
Cumberland, Green, Kentucky, Licking and Ohio, the anteplicate 
rivers, managed more or less successfully to maintain their old 
courses in spite of the folding along the anticlinal. If the Great 
Kanawha with its former course through Teaze's valley to the 
Ohio near Huntington, West Virginia, be considered the upper 
course of the Ohio, then the Great Kanawha and the upper courses 
of the Tennessee offer excellent examples of rivers which also 
maintained their courses across the sharper folds ot the Alleghany 
mountains along their upper courses. The Big Sandy is very 
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likely another of these early rivers. Of course only the stronger 
streams could maintain their courses across the obstruction caused 
by the rising folds. As a rule an entirely new river system was 
developed in the more strongly folded areas of the Alieghanies. 
Even the Ohio river itself from the mouth of Teaze's valley to a 
point near the southwestern corner of Pennsylvania, and the lower 
•course of the Alleghany seem to be of later age than the period 
of folding and occupy approximately the middle of the great syn* 
olinal valley between the Cincinnati anticlinal and the Alieghanies. 

The northwestern tributaries of this newer portion of the Ohio 
often have a sti-ikingly similar direction to those which enter the 
Ohio from the other side. When such streams from opposite 
sides enter the Ohio at about the same point, they are suggestive 
of the existence of a former continuous stream which had been cut 
in two by the process of folding and the formation of the syn- 
olinal portion of the Ohio. The northwest stream in this case 
may then be considered to have had its flow inverted as far as the 
Ohio. However the mere fact that the streams are flowing to- 
wards the centre of a synclinal trough might also be considered a 
sufficient explanation for their existence. 

If land conditions over the area here discussed, previous to the 
period of folding be admitted, then the intersection of the Cincin- 
nati-Nashville anticlinal by the rivers mentioned is not so surpris- 
ing. Then also the cutting of the channel of the Tennessee across 
the Cumberland plateau near Chattanooga is made possible. 
That such land conditions existed is made probable by the dis- 
appearance of all marine fossils soon after the opening of the Coal 
Measure period, and the finding of stumps of trees in many of 
the deposits of this period in sttUy at widely scattered points of 
this area. 

The Tennessee river at present has a channel 1400-1500 feet 
below the more elevated portions of the Cumberland plateau where 
it cuts through this tableland. At the time it was maintaining 
its course across the growing obstruction of the Cincinnati-Nash- 
ville anticlinal, it very likely had a relatively much higher alti- 
tude ; indeed its course at that time may have been a thousand 
feet, or even more above its present bed. If during this period, 
while the channel of the Tennessee was a much less striking 
feature in this synclinal region, the level of the sea was not 
much below the general level of the present Cumberland plateau, 
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lor a long period then conditions would be present for the forma- 
tion of a base-level of erosion, l^he synclinal areas lying at small 
altitudes above the level of the ocean would be less eroded and 
the more elevated portions would be most strongly subjected to 
destruction by suba^rial influences. The great depth of the pres- 
ent channel of the Tennessee however may have been attained first 
during the subsequent history of this land area. 

Dr. Hull's paper is a valuable contribution to the geographical 
geology of Tennessee. Whether he would agree with many of 
the statements made in the notes accompanying the present notice 
is another question. It is hoped however that for American read- 
ers these notes will not be found out of place, but will serve to 
suggest some of the lines of research opened by Dr. Hull's paper, 
to those American geologists whose geographical location will per- 
mit the prolonged study of the areas here involved. 



THE GEOLOGICAL POSITION OF THE CATSKILL 

GROUP. 

By Chables 8. Pbossbb. Waahinsrton. 

A recent publication by the Geological Society of America* con- 
tains an abstract of a paper by Dr. Hemy S. Williams, entitled 
** What is the Carboniferous System?" Professor Williams re- 
fers to the diflSculty that American geologists have experienced in 
attempting to separate the Upper Devonian from the Lower Car- 
boniferous and states that this confusion is due to * * a lack of pre* 
cis^ definition as to the constitution and' limitation of the Carbon- 
iferous system, "t The works of the early English geologists 
have been carefully studied and it is shown that the system was 
first defined by Conybeare in 1822 as <<the rocks which form the 
Pennine. . . .range of mountains in northern England. "J The sec- 
tion of this Pennine Carboniferous system consists of : 1st, 
the upper part of the Old Bed sandstone resting upon lower beds 
of Old Red sandstone ; 2d, the * < Mountain or Carboniferous lime- 
stone;" 3d, the << Millstone grit and shales"; 4th, the <^ Coal 
Measures " which are terminated, generally unconformably, by the 
New Red sandstone. The author states that since ^ < The typical 
section is the section exhibited in the Pennine range ; and as the 
name Carboniferous is a misnomer geologically .... and as the 

♦Bulletin Geol. See. Am. Vol. 2, Jan. 3, 1891, pp. 16-20. 
\lbid., p. 16. t/6icf., p. 17. 
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name does not indicate the geographic position of the typical sec- 
tion it is believed that the adoption of the name ' Penninian s\^s- 
tem, ' or * Pennian system * ( the latter being preferable ), may be 
of advantage to the science ".* Finally, the Appalachian Paleozoic 
rocks are correlated with the Pennian as follows : ^ * The Che- 
mung marine fauna is strictly Devonian ; the brackish water fish 
fauna of the Catskill is as strictly Pennine. Hence the red rocks 
of the Catskill formation of New York, the Ponent, Umbral, and 
Vespertine formations of Penns^'lvania, belong to the Pennine 
carboniferous." Proceeding westward the Pennine will include 
**the formations called Waverly, Marshall, Kinderhook, Chou- 
teau, containing, as they do, a fauna distinctly related to the Car- 
boniferous limestone fauna, "t 

In connection with the paper just reviewed, an earlier opinion of 
Dr. Newberry is of especial interest. After calling attention to 
< ^ the correspondence of the fauna of the Catskill and Upper Old 
Red sandstone of the British Islands " he said : << It has troubled 
the English geologists much to draw any well-marked line, in the 
series to which I have referred [Old Bed Sandstone of England, 
Scotland and Ireland], between the Devonian and the Carboniferous 
systems ; but there are none who do not regard as Carboniferous 
at least a portion of the yellow sandstones which underlie the Car- 
boniferous limestone, and contain Holoptychi%i8 as a characteristic 
fossil. Hence it will be seen that in the Catskill of Pennsylvania 
we have strata which are not only lithologically similar to those 
which in Scotland and England lie at the top of the Devonian and 
base of the Carboniferous system, but that this similarity of min- 
eralogical character and geological position is accompanied by a 
similarity of fauna, "t 

About the only fauna contained in the Catskill group is <'the 
brackish water fish fauna "2 of which Holoptychiu9 and Bothriolepis 
are characteristic genera. The following ten species of fossil 
fishes have been reported from the Catskill of New York and 
Pennsylvania and are described b}- Dr. Newberry in his excellent 
work on '*The Paleozoic fishes of North America. "I 



*/6uZ., p. 19. \Ihid., p. 19. 

:tRep't. Geol. Surv. Ohio, Vol. I, Geol. and Pal., Pt. II, Pal., 1873, 
pp. 275, 276. vA 

JDr. Newberry thinks that "the Catskill rocks were deposited in a 
fresh-water lake." Mon. U. S. Geol. Surv., Vol. XVI, p. 106. Also, see 
table of groups of the Carboniferous system on p. 77, and p. 101. 

llMon. U. S. Geol. Surv., Vol. XVI. 
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Bothriolepis leidyi Newb. Holoptychiiis ( ?) radiatus Newb. 

Sauripteris taylori Hall. Glyptopomus sayrei Newb. 

Holoptychius amertcanus Leidy. Dipterus(^ Ctenodus)8herwoodi Newb 
** giycinteus(?) Ag. ** ** radiatus i^ewh, 

** kalli Newb. Gyracanthus sherwoodi Newb. 

The crustaceans are represented by Stylonurus excelsior Hall 
from Andes, New York and Meshoppen, Penn'a. A species of 
lamellibranch, Amnigenia catskillensis (Van.) Hall, which is 
rather characteristic of the Oneonta sandstone, has been reported 
from the Catskill of Bedford Co., Penn'a.,* and it is not at all 
improbable that it will yet be found at other localities in the typi- 
cal Catskill. 

So far as paleontology is concerned, the principal change in- 
volved in this correlation is in reference to the paleobotany. By 
including the Catskill in the Lower Carboniferous a considerable 
proportion of the American Devonian flora would be transferred 
to the Carboniferous or Pennian system. It will be remembered 
that Sir Wm. Dawson, to whom we are indebted for most of the 
description of this flora, has always insisted that it is a Devonian 
flora quite distinct from that of the Lower Carboniferous. This 
opinion was clearly stated by Dawson in 1882 when he defined the 
** Upper Brian Sub-flora " as corresponding <*to the Catskill and 
Chemung of the New York series, and to the Upper Devonian of 
Europe," and stated, in conclusion, that it is <*very distinct from 
that of the Lower Carboniferous, "t 

A rather careful review of the fossil plants, now known to oc- 
cur in the typical Catskill of the United States, fails to show any 
marked reason for considering them as necessarily Devonian. In 
fact some of the other paleobotanists have been inclined to con- 
sider the flora of the Upper Devonian as of Lower Carbonifer- 
ous facies. The most abundant ferns in the Catskill belong to 
the genus ArcTiceopteriSj which appeared in the Chemung and 
probably extends through the Lower Carboniferous into the Coal 
Measures. This genus is represented in the Culm of Austrian 
Silesia, Hesse, Moravia, and Silesia by several species, also in the 

•2d Geol. Surv. of Penn'a. T*. The Geology of Bedford and Fulton 
counties, p. 103. It is mentioned under the name of Modiola angusUi 
Con., which is considered a synonym of A. catskillensU (Van.) Hall. See 
Geol. Surv. N. Y., Pal. Vol. V., Pt. I, Lamellibranchiata II, pp. 516, 517. 

fGeol. Surv. of Canada. The fossil plants of the Brian ( Devonian ) 
and Upper Silurian formations of Canada, Pt. II, p. 130. 

26 
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Upper Devonian and Lower Carboniferous of Australia and Car- 
boniferous ( Coal Measures ? ) of China ; so that the evidence af- 
forded by the most prominent genus of ferns would be as strongly 
in favor of classing the Catskill with the Lower Carboniferous as 
with the Chemung or Upper Devonian. 

A short analysis of the American Catskill flora may be of some 
interest in connection with this subject. The Catskill of New 
York and Penns\ivania contains, so far as reported, thirteen spe- 
cies, of which number seven belong to the genus Archaopteris. 
A few species that were described as from the Catskill have been 
omitted from the list, owing to the fact that a more accurate 
knowledge of the geology of the region has shown them to belong 
to the Oneonta sandstone, or Chemung ; but, it is thought that 
all the species mentioned in the following list occur in the Catskill 
as now restricted and defined. The species are as follows : 

1 . ArccBhopttris jacksoni Dn. * 

♦In 1869 Schlmper referred with doubt Cyclopteris jacStsoni Dn. to 
PaliFOpterls hallUina (OOpp.) Sch., now Archteopteris (Traits pal. v^g., 
Vol. I, p. 478.) Dawson in 1871 objected to this identification, stated 
that it was a distinct species and put it in what was then considered 
the sub-genus Archceopteris of Cyclopteris ( Fos. Plants Dev. and Up. 
Sil., Pt. 1, p. 48.) Schlmper in 1874 accepted Dawson's defence of the 
validity of the species and gave It as Palwopteris jacksoni (Dn.) Sch. 
( Traits pal. v6g., Vol. Ill, p. 484.) In 1882 Dawson elevated the sub-genus 
ArchcBopteritt to generic rank and gave some additional information 
about A. jacksoni Dn. (Fos. Plants Erian and Up. Sll., Pt. II, p. 100.) 
In 1888 it is mentioned as A, jacksoni and figured on p. 74 of Dawson's 
*' Geological history of plants;" while its author in 1889 again stated 
that it is a distinct species from A, Juilliana (2d Geol. Surv. Penn'a, P^, 
Vol. I, errata p. VI.) 

The Cyclopteris jacksoni Dn. is stated by Dawson in 1863 
(Quart. Jour. Geol. Soc. London, Vol. XVIII, p. 319) to have 
been found at Montrose, New York, which is undoubtedly Pennsylvania. 
Professor Hall in 1863 ( 16th An. Rep't. of the Regents of the State of 
N. Y. on the State Cabinet of Natural History. Appendix D., p. 110) 
identifies the specimen found near Montrose, Penn*a. and described by 
Vanuxem ( Geol. N. Y., Pt. Ill, p. 192 and fig. 58 on p. 191 ) as Cydop- 
terls jacksoni (?) Dn. Dawson in 1871 (Fos. Plants Dev. and Up. Sll., 
Pt. I, p. 46) wrote that **A specimen, obscure in details, but which 
must belong to this [A, rogersi Dn.] or the previous species [A, haUiana 
( GOpp.) Lx.], occurs in professor HalPs collection, from Montrose, Pa." 
On p. 45 Cyclopteris jacksoni Dn, Is simply credited to the Upper De- 
vonian of N. Y., without giving the locality; but, on p. 91, fig. 169 of 
pi. XV it is said to be a pinna of Cyclopteris (ArcJtoBopterls) jacksoni from 
Montrose, Penn*a. In the Acadian Geology, 3d ed., 1878, It Is stated 
on p. 547 that "large specimens [of C. jacksoni Dn.] occur in the col- 
lection of professor Hall from the Old Red sandstone of Montrose, New 
York.^* It appears from this that it was not a single specimen that 
was Identified as C. jacksoni, or C. rogersi; but, that both species were 
seen from collections made at Montrose, Penn'a. 

In explanation of this ambiguity Dr. Dawson wrote me as follows. 



J 



Oeological position of the CatsJcill group, — Prosaer, 356 

2. ArchwopterU hthemica (Forbes) Lx. 

3. ** macilenta Lx. 

4. ** minor Lx. 

5. '^ ohtusa Lx. 

6. * * rogersi ( Dn. ) Lx. 

7. ** sphenophyllifoUa Lx. 

8. Cyclopteris valida Dn.* 

9. Dendrophycus desorit ItX^f 

10. Dtctyo-cordaites lacoi Dn. 

11. Lycopodites richardioni Dn. 

February 12th, 1891 ; ** As to the Montrose specimens I suppose all of 
them were from one place, but I may have in the first instance taken it 
for granted that Montrose is in New York, as the specimens sent to me 
were in general from that state. As to the spedmena from Montrose, 
if my memory serves me, there were several, some of which I referred 
to A. jaciksoni but one showing several fronds seemed to me different, 
and I referred it with doubt to A. rogersi. The specimens were re- 
turned to Prof. Hall and perhaps should be re-examined, more espe- 
cially as the more recently found specimens from Scaumenac have given 
new information.** 

Prof. L C. White In 1881 reported this species from opposite Hones- 
dale, Wayne Ck)., Penn'a. (2d Geol. Surv. Penn*a. G*, pp. 63, 187), and 
in 1882 from a cut on the D. L. and W. R. R. below Henryville, Monroe 
Co., Penn'a. {IMd,, G«, pp, 103, 320). Finally, Lesley says : **[C. jaOc- 
soni Dn.] in the Chemung-Catshill strata about Montrose, Susquehanna 
Co., Pa., as described by Hall*' (I5id., P<, Vol. I, p. 174). 

In the Museum of Columbia College, New York, are specimens labeled 
**-4.rc/k?optcrt» ^octooni, from Montrose, Pa.'* Prof. H. L. Fairchild, 
March 12th, 1891, wrote me the following note : •* The specimens of 
Archceopteris jackaoni which you saw in Dr. Newberry's Museum were 
collected by me. These have been found at different localities through 
Susquehanna county, Pennsylvania. Most of these specimens came 
from a quarry near Montrose, Penn. They occurred at the lowest point 
in the quarry and the stratum was only touched ; but, before I knew 
it, that part of the quarry was filled in. That was many years ago ; the 
fossils are there awaiting some one who is willing to spend the money 
to excavate for them." According to Prof. R. P. Whitfield, the Amer- 
ican Museum of Natural History, Central Park, New York, contains 
some rather fragmentary specimens labeled ** Cyclopteri8 jack8<yiii from 
Montrose, Pa.** The New York State Museum of Natural History, Al- 
bany, N. Y., also contains specimens labeled ^* Cyclopteris jacksoni from 
Montrose. Pa,'* 

*0n p. 830 of the Coal Flora, Vol. Ill, this species is reported by 
Lesquereux from simply the "Upper Devonian, Pennsylvania"; but, on 
p. 885 It is given in the column of CatsklU plants, although not men- 
tioned on p. 850 In the list of species from the different localities which 
have furnished Catskill plants. 

fThe organic nature of Dendrophycus is in dispute, Lesquereux de- 
scribed the genus, of which 2>. desorii is the type, as belonging to the 
marine algae. Among the paleobotanlsts Dr. Newberry and Prof. Ward 
still refer it to the algsB, and each has added another species to the 
genus, from the Trias ; while Sir Wm. Dawson and J. Starkie Gardner 
do not regard It as of organic nature. 
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12. Psilophytoii princeps Dn. * 

13. Rhacophyllum truncatum Lx.t 

There are probably two additional varieties of Archceopterisj 
known from the Catskill of Pennsylvania, which have not been 
given in the above list. In 1890 Dr. Dawson, upon the authority 
of Mr. R. D. Lacoe, mentioned Archceopteris major Lx. , from the^ 
Lower Catskill of Meshoppen, Penn'a.t But, Mr. Lacoe wrote 
me February 10th, 1891, as follows: **The information given 
Dr. Dawson was in answer to general questions as to the fauna 
and flora of the Catskill of northern Pennsylvania and particularly 
anything associated with or in beds near to the Dictyo-cordaites. 
I mentioned Archceopteris minor Lx. , and A, minor var. major 
Lx. , and very likely not that the variety was unpublished. It is 
a large form of A minor, separated by professor Lesquereux and 
a drawing was made of it. 'J February 19tli Mr. Lacoe wrote me 
that * * Still another variety [of Archceopteris] was described by 
professor Lesquereux, but not figured. " In this last letter Mr. 
Lacoe stated that * * We have Haliserites decheniantis GOpp. from 
the Catskill of Meshoppen, several fine drawings of which were 
made for professor Lesquereux. " 

There are references to other fossil plants in the Catskill, most 
of which are so indefinite that they possess very little value. Mr. 
Andrew Sherwood identified a Sphenophyllum allied to S, antiquum 
Dn. from the Catskill, four miles north-west of Mansfield, Tioga 
Co., Penn'a.1 Prof. I. C. White mentions ** small egg-like 

•This species was reported by Dr. Dawson from Jefferson, Schoharie 
Co., N. Y., and at first stated to be Catskill but later, upon the authority 
of professor Hall, was changed to the Chemung (Quart. Jour. Geol. Soc.,. 
London, Vol. XVIII, p. 315 and additional note opposite p. 329). In 
reference to the geological age of this locality Dr. J. M. Clarke wrote 
me, March 5th, 1891, that **The horizon at Jefferson, Schoharie Co.,, 
where the Psllophyton princeps came, is Hamilton. From there upward 
the succession is still a question for determination." 

However, the presence of this species in New York rocks, considered 
as of Catskill age, is shown near the close of this paper. 

fMr. R. D. Lacoe writes me that all of the species in the above list^ 
with the exception of ArchsBopteris jacksoni Dn., Cyctopteris vaUda Dn. 
and Psllophyton princeps Dn. are recorded from the Catskill without 
doubt. It is well known that Mr. Lacoe's collection of American Pale- 
ozoic plants, at Pittston, Penn'a., is the most complete in the world; 
and, I wish to acknowledge the great assistance of this collection in 
verifying the range and distribution of the species mentioned above. I 
would also state that I am greatly indebted to Mr. Lacoe for his kind- 
ness in sending me this data ; as well as for other assistance in th& 
study of Devonian fossil plants. 

^Canadian Record of Science, Vol. IV., p, 6. 

|2d Geol. Surv. Penn'a. G, p. 80. 
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bodies which Prof. Claypole suggests are spores of plants " from 
Above Coxton, Lackawanna Co., Penn*a.* Professor Lesquereux 
identified a Lepidocystis, species undeterminable, from Meshoppen, 

Penn'a.t 

One of the seven species of ArchceopteriSj A minor Lx , has 
been identified by George B. Simpson from the Chemung at 
Roulette, Potter Co., Penn'a. ;t while A ohtusaLx. is reported 
by Dr. Dawson from the Upper Devonian of New Brunswick under 
the name of Cyclopteris ohtusa (Lx. ) Dn. 2 Archceopterts jacksoni 
Dn. occurs in the Middle Devonian of St. John, N. B. , the Upper 
Devonian of Scaumenac bay, Lower Quebec, and at Perrj', Maine. || 

*lbid., G', p. 61 ; also, see p. 58. 

t^Wd.,0», Cat. Geol. Mus., Pt. Ill, 1889, p. 116. 

ilhid.^ p. 248. Sherwood in his report on ** the Geology of Potter 
•County " mentions the occurrence of plant stems in the Chemung gray 
shale at this locality and says that **The Carboniferous stems of reed- 
like plants, in particular, are quite numerous "(/bid., G', p. 30.) Prof. 
Lesquereux Identified a specimen said to have been found at Towanda, 
Penn'a. as belonging to the above species (Proc. U. S. Nat. Mus., Vol. X, 
p. 24). The specimen is marked '^Towanda Pa., from a boulder" and 
It is not stated whether from the Chemung or Catskill. If it came from 
the sandstone outcrops near Towanda it would belong to rocks that 
have been considered as Chemung. See the geological map of Bradford 
Co., by Andrew Sherwood, and in the accompanying report it is stated 
that ^* opposite and a little above Towanda, there is an extensive out- 
crop [of Towanda sandstone] containing carbonized stems of reed- 
like plants" (2d Geol. Surv. Penn'a. G, p. 38). While in 1885 Prof. 
Lesley wrote that ** opposite Towanda is an outcrop of Chemung sand- 
stone 300 feet thick crowded with carbonized plant stems" (Jl>(d., X, 
p. XXVIII). 

JGeol. Surv. Canada. Fos. Plants Erian and Up. Sil. Pt.II, p. 100. 

I In 1874 Prof. Fontaine reported this species from the "Great Con- 
glomerate " of New river, near Sewell Station, West Virginia ( Am. 
-Jour. Sci., 3d ser., Vol. VII, p. 57); and also from what he then con- 
sidered Catskill shales, but later changed to Vespertine, at Lewis Tun- 
nel {Ibid., p. 578). Two years later he mentioned its rare occurrence 
in the "Conglomerate Series" of West Virginia under the generic name 
ot PaUeopterl8, but stated that "Only one or two small fragments of 
this plant were found at Sewell Station with coal 9" (ibtd.. Vol. XI, 
1876, p. 383). It is there stated that the specimens from Lewis Tunnel 
are not identical with A. jacksfmL as will be seen from the following 
paragraph of the article : "I may state here that the PaUeopteris Jack- 
soni of the Conglomerate series, is the typical plant, and very different 
from the plant found at Lewis Tunnel, and given in my previous paper 
as P. jacksonL I have additional specimens from Lewis Tunnel, which 
show without doubt that, as professor Andrews has suggested, this lat- 
ter is a new species " (Ibid., p. 384 ). In 1880 it was stated by Fontaine 
and White, in enumerating the flora of the Conglomerate group of New 
river, that "we find a small Archwopteris, very near to Dawson*s Cy- 
cloptcrtejocfwoni" (2d Geol. Surv. Penn'a. P*, p. 12). In explanation 
of the above references professor Fontaine wrote me, March 8th, 1891, 
as follows : "Only one specimen was found at Sewell Station and it did 
not show much of the plant. My opinion now is that it was not sufiB- 
•cient to determine positively the fossil as ArcTueopterls Jacksoni. It 
must be regarded as of doubtful position." 
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Four species, A, hibernica (Forbes) Lx, A minor Lx., A. ob- 
tusa Lx. , and A, rogersi ( Dn. ) Lx. , are known to occur in the 
Pocono or Subconglomerate of the Lower Carboniferous. A. 
sphenophyllifolia Lx. , has been found in the Lower Catskill of 
Meshoppen, Penn'a., and A. macilenta Lx. is from Meshoppen 
and the Catskill of the D. L. and W. R. R. tunnel, north of Fac- 
toryville, Penn'a. Of the remaining six species Psilophyton prin- 
ceps Dn. is known in the Hamilton and Chemung of New York* 
and is reported as low as the Upper Silurian of Canada ; while 
Rhacophyllum truncatum Lx. is stated by its author to occur in 
the Subconglomerate of Tennessee, f Dendrophycus deaorii Lx. 
occurs in the Subconglomerate of Penn'a. , and in Iowa in a clay 
that is stated by professor Barris to belong to the Coal Meiusures. t 
Cyclopteris valtda Dn. occurs in the Middle Devonian of St John, 

N. B. ;S Lycopodttes ricJiardsoni Dn., is in the probable Catskill 

■ 

*Prof. I. C. White found *' vegetable fragments which resemble 
PHUfphyton princeps Dn." in the Upper Chemung, near Danville Sta- 
tion, Montour Co., Penn'a. (2d Geol. Surv. Penn'a. G^, p. 307 ). 

fThis species was first given by Lesquereux as from the **red 
shale of the Vespertine on the bluffs of the Susquehanna river aboy& 
Pittston" (2d Geol. Surv. Penn'a. P, Coal Flora, Vol. I, p. 312). Whilfr 
In Vol. Ill, p. 650 it was stated to occur in the Catskill of Coxton Nar- 
rows, Penn'a ; but was not mentioned under the Pocono or Subconglom- 
erate of Penn'a. Mr. Lacoe wrote, February 10th, that *^Wiaco- 
phyUum truncatum has been found at but one place [in Penn'a.] and 
that is in the Catskill as placed in the Table in P. Vol. Ill, and G', pp. 
60, 61, where Prof. White mentions the A, minor in No. 20 of the Coxton 
section. Prof. Lesqueroux was misled by the thinning out of the Po- 
cono northward, when the table in Coal Flora, Vol. II was made, and 
the habitat of R, truncatum given, on p. 312, Vol. I, as Vespertine." 

tProc. Davenport Acad. Nat. Sci., Vol. Ill, Pt. II, 1682, diagram on 
p. 164 and pp. 166, 168. 

There appears to be no evidence in support of Lesquereux's statement 
that this species occurs in the Devonian of Iowa. (See, 2d Geol. Surv. 
Penn'a. P, Vol. Ill, p. 701 ; and. Ibid., An. Rep't for 1886. Pt. I, 1887, 
p. 462 ). 

JProf. Fontaine stated that '* CyclopterU valida is common " at Lewia 
Tunnel (Am. Jour. Sci., 3d ser.. Vol. VII, 1874, p. 578); but,in 1880, it 
was not positively identified, the reference being that *^More rarely we 
find a Neuropteris allied to N. Jtexuosa, but, if not identical with it, a 
plant allied to Dawson's Cyclopteris valida ( 2d Geol. Surv. Penn'a. 
P*, p. 7 ). In the above reference it is not quite clear whether one or 
two species are meant : but, Prof. Fontaine's letter shows that two 
species were under consideration. The professor writes ^' With refer- 
ence to Cyclopteris valida^ I would say that the plant found at Lewia 
Tunnel, and supposed to be it, did not yield a sufficient amount of ma- 
terial to render its identification positive. This must then be left as a 

doubtful C. wilida But there is one correction that I would make 

[in reference to the account of the Vespertine flora in P».] At the top 
of p. 7, it is stated that there i s found at Lewis Tunnel a ^europteriB 
allied to N. Jiexuoaa, This I have found to be a form of Archteopteri^ 
hibemica." 
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of Perry, Maine ; and, Dictyo-cordaites lacoi Dn. is known only 
from the Lower Catskill of Meshoppen, Penn'a. 

In the range and distribution of the species mentioned above 
some doubtful references have been omitted and most of the for- 
eign localities have been ignored, because they offer no particular 
assistance in the solution of this question. The above summary 
is to be regarded as simply a preliminary one, based on published 
accounts of this flora, which will be somewhat modified when all 
the collections of Catskill plants have been studied. Up to the 
present time the collections of Devonian fossil plants of the 
United States have been widely scattered ; no paleobotanist has 
had the opportunity of stud3ring all the material, and in fact some 
of the important specimens have scarcely been examined. It yet 
remains for a paleobotanist to describe the Devonian flora of the 
United States as Lesquereux did the Carboniferous or as Dawson 
has the Paleozoic flora of Canada. Yet, it is believed that the 
genus Archwopteris may be regarded as including the predominant 
fern life of this period, which appeared, like the Holoptychius 
fauna, in the preceding Chemung stage and has continued for a 
considerable length of time in the Lower Carboniferous. If we 
accepted Dr. Newberry's correlation of the Devonian and Lower 
Carboniferous and drew the dividing line at the base of the Che- 
mung stage,* then the genus Arehceopteris might be regarded as 
characteristic of the Lower Carboniferous. But, as professor 
Williams shows in the above paper, this does not agree with an 
accurate interpretation of the typical Carboniferous section and 
the professor has given proof elsewhere! that the Chemung stage 
should be included in the Upper Devonian. 

Professor Lesley has recently published an interesting note upon 
the Pocono flora, which would apparently strengthen the claim of 
classing the upper portion of the Devonian with the Lower Car- 
boniferous. The general nature of the evidence may be seen from 
the following excerpts : * < As this goes to press (October 23, 
1890) I received an important letter from Mr. Lacoe, of Pittston, 
Pa. , saying that he has cursorily examined the contents of some 
of the boxes forwarded by his collector of fossil plants at the 

•See Mon. U. S. Oeol. Surv., Vol. XVI. The Paleozoic Fishes of N. 
A., pp. 23, 77, 84. 

fBull. U. S. Geol. Surv., No. 41. On the fossil faunas of the Upper 
Devonian — the Genesee section, New York, Chap. I ; Am. Jour. Sci., 
3d ser., Vol. XXXV, p. 54. 
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Tom's creek, Blacksburg and Price's mountain mines in Mont- 
gomery county, Va., and believes that important consequences 
will follow a thorough study of all the specimens. This is the 
first good collection of plants from these otherwise extraordinary 
coal beds of the Pocono formation No. X. The few which I ob- 
tained thirty-five years ago at Tom's creek were enough to show 
Lesquereux that they were rightly placed beneath the red shale of 
XI The flora as a whole is nearer Devonian than Carbon- 
iferous in type. .. .Those Montgomery county boxes which Mr, 
Lacoe opened show a complete absence of Carboniferous formes. "* 

There still remain for consideration the famous plant-bearing 
beds at Perry, Maine, which have yielded a larger number of 
species of fossil plants than has 3'et been described from the 
Catskill of N. Y. and Penn'a. The geological position of this 
flora has long been in question, but the latest reference brings it 
within the scope of this pa[>er. Sir William Dawson described the 
flora and considered it as probably Upper Devonian, t an opinion 
that is stated by the author in later publications without qualifi- 
cation, t On the geological maps of the Canadian survey it was 
colored as Lower Carboniferous and said bj' Bailey and Matthew 
to be * * a group of beds lying at or near the base of the Lower 
Carboniferous series, and characterized hy an Upper Devonian 
flora." § While more recently professor Bailey has refen-ed it to 
the Devonian and stated that it most nearly resembles the Catskill 
of New York. ^ 

Nineteen species of fossil plants have been described from 
Perry, Maine ; the list being as follows : 

1. Ana rthrocama per ri/ana Dn, 10. Lepidostrobus globosus Dn. 

2. Archceopteris jacksoni Dn.^ 11. Leptophloeum rhomb icumDn. 

*2d Gool. Surv. Penn'a. V*, Vol. Ill, 1890, Critical Emendations, p. 
XIII, Note. 

fCau. Nat. and Geol., Vol. VI, 1861, pp. 172^175 ; Quart. Jour. Geol. 
Soc. London, Vol. XVIII, 1862, p. 296, etc ; Ibid,, Vol. XIX, 1863, pp. 
458-465, 

JGeol. Surv. Canada. Fos. Plants Erian and Up. Sil, Pt. II, 1882, p. 
97 ; The (Zoological History of Plants, 1888, p. 107. 

gGeol. Surv. Canada. Rep't. of Progress for 1870--'71, p. 200. 

iProc. and Trans. Royal Soc. Canada for 1889, Vol. VII, 1890, Sec, IV, 
p. 60. 

^Splienopterts hitchcockUina Dn. Is here considered as a synonym of 
A. ja^ksoni Dn. The reasons for this reference are as follows: In 1869 
Schimper wrote **Le Sphowpteris hitchcockUiTm de Dawson lepr^sent© 
^vldemment la fructification de cette espece [Cyclopteris jncksoni]*^ 
(Traits pal. v^*g., Vol. I, p. 478.) Dawson In 1871 considered this state- 
ment and said '* Schimper suggests that my Sph4^nopterl8 hUchcocklana 
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3. Archaopteris rogersi(pn.)ljX. 12. L^copodites comosus J)n, 

4. Carpolithus lunatus Dn. 13. <* richardsoni Dn. 

5. ** sxliqua Dn. 14. Pnlophyton elegans Dn. (?) 

6. <* »ptcaYM« Dn. 15. ** ^Za ^rwm Dn. (?) 

7. Cordaites flexuosus Dn. 16. ** princeps Dn. (?) 

8. Cyclopteris i^Platyphyllum) 17. Sphenopteris recurva Dn. 

6rot^'w lY Dn. 18. Stigmana pusilla Dn. 

9. Lepidodendron gaspianumDn 19. Trichomanites Jilicula Dn.* 
Ten of the above species are confined to Perry and the geologi- 
cal range of the remaining nine is given below. The range of 
ArchcBopteris jacksoni Dn. was given under the list of plants from 
the Catskill of Penn'a. and New York ; while A. rogersi (Dn.) Lx. 
is in the Catskill of Penn'a. and Pocono of Va. Lepidodendron 
^aspianMm Dn. ranges from the Hamilton of N. Y. to the Subcon- 
glomerate of Ohio, and LeptopMceum rhonibicum Dn. t occurs in 
the Lower Devonian of Campbell ton, N. B., and Middle Devonian 
of Ga8p6, Lower Quebec. Lycopodites richardsoni Dn. occurs in 
the Catskill of Penn'a, and Cyclopteris (Platyphyllum) hrownii Dn. 

may be the fructification of one of the above ferns of the genus Arch" 
«opterUt. I regard this as quite possible, but have no direct evidence 
of it" (Fos. Plants Dev. and Up. Sil., Ft. I, p. 49.) Under the de- 
scription of the species it is further stated that *' The suggestion of 

Schimper that this species may be founded on fertile pinnules of 

Cyclopteris of the subgenus Archajopteris, is deserving of attention" 
{Ibid.^ p. 52); while, on p. 191 In explanation of fig. 175 of pi. XV occurs 
the statement that ** This species may probably be founded on fertile 
pinnae of Cyclopteris Jacksoni. " Lesquercux in 1S80 wrote "That this 
figure represents the fructification of a species of ArchseopterU is posi- 
tive, and Prof. Dawson has already recognized the accuracy of this 
reference ; but, in the absence of sterile leaflets, it is not possible to say 
i» what species the fragment is referable " (3d Geol. Surv. Penn'a. P, 
Coal Flora, p. 304.) This opinion was re-afl5rmed by Lesquereux in 1884 
when ho said that *'This plant as figured, appears to represent fruiting 
branches of some species of Archaeoptcria (tbld.^ Vol. Ill, p. 837.) 
Finally, Dawson in 1889 provisionally accepts this synonomy and states 
that he "refers this fructification to ^. jae/c«o?ii, because that is the 
only species found with it." {IbUL, V\ Vol. I, Errata, p. VI.) 

*In addition to the above list Dr. Dawson has identified specimens as 
belonging to the following genera; but, owing to the imperfection of 
the material, he has not been able to identify them specifically. 

1. Aporoxylon sp. Dn. cf. primigciUum Ung. 

2. CyperUes sp. Dn. 

3. Dndoxylon sp. Dn. cf. oumigondianuin Dn. 

4. Megaphyton ? sp. Dn. 

5. Unnamed pinnule of fern. 

fWm. Carruthers in 1872 (Quart. Jour. Geol. Soc. London, Vol. 
XXVIII, p. 351) stated that he regarded this species as a fragment of 
Lepldodendro7i. gaspianum, and on p. 353 identified it as L. nothumlJng. 
nan Salter. Dawson in 1882 (Fos. Plants Brian and Up. Sil., Pt. II, 
p. 105) reaffirmed the distinctness of these two species and gave a 
synopsis of their more distinctive characters. 
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in the Upper Devonian of Scaumenac bay, Lower Quebec. 
It is thought by Dr. Dawson that three species of Psilophyton 
have been found at Perry,* P, glahrum Dn., which probably 
occurs in the Upper Silurian at Gasp^, is known in the Lower and 
Middle Devonian of Gasp^, Lower Quebec, and the Middle Devon- 
ian of N. B. ; P. elegans Dn. Middle Devonian of Gasp^ and N. 
B. ; and P. princeps Dn. , whose range is given abo ;'e. It will 
be noticed that this flora is more closely connected with the pre- 
Carboniferous than with the Caboniferous floras of Canada and 
New Brunswick, while in the United States it is related about as 
closely with the Lower Carboniferous as with the Chemung and 
Hamilton. 

A recent letter from Sir William Dawson, in which his views as 
to th^ age of the Catskill flora are expressed in a very concise 
manner, will form an appropriate termination to this review of 
that flora. The suggestion that the Devonian flora in migrating 
south and west possibly appeared at a higher horizon, a principle 
that has been frequently observed in the study of marine faunas, 
would seem to offer an explanation of the somewhat different 
opinions as to the age of this flora, that are held by the several 
paleobotanists who have studied it in different geographical areas. 
The above sentence calls attention to the fallacy of attempting 
precise correlation for the geological formations of widely separa- 
ted regions from simply lists of fossils common to the formations, 
without careful study and consideration of the stratigraphy and 
other related geological facts. This rule was probably somewhat 
overstated by Huxley, in his noted address before the Geological 
Society of London ;t but, a concise and modern exposition of this 
and other principles for the guidance of <* geologists concerning 
the correlation of formations and the interrelation of presumably 
contemporaneous fossil faunas and floras " was admirably enun- 
ciated by Dr. Charles A. White in 1889. J 

Dr. Dawson's letter is given below and since its distinguished 
author has studied this flora far more carefully than any other 

•Quart. Jour. Geol. Soc. London, Vol. XIX, 1863, p. 462. 

fAnniversary Address. Quart. Jour. Geol. Soc. London, Vol. XVIII, 
18C3, pp. XL-1. In particular see p. XLVI where it is stated that **For 
anything that geology or palaeontology are able to show to the contrary, 
a Devonian fauna and flora in the British Islands may have been con- 
temporaneous with Sllnrian life in North America, and with a Carboni- 
ferous fauna and flora in Africa. '* 

f Address by professor Charles A. White, vice-president. Section E, 
In Proc. Am. As. Adv. Science, Vol. XXXVIII, pp. 222-226. 
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paleontologist it is of especial value in this discussion and deserves 
the most careful consideration. 

McGiLL College, Montreal, February 18th, 1891. 

Dear Mr, Prosser: — In reply to your question respecting the age of 
the Catskill Flora — species of Archasopterla, Cyclopteris vaiida, lihaco- 
phyllum truncatum (which I think is probably founded on a torn and 
imperfect specimen of my PlcUyphyllum hrovmilj as Lesquereux 
himself suggested), Lycopoditea rlchardsoni^ PHlcphyton princepa, etc., 
etc. I would say that such a flora, if found in Canada, would certainly 
be Upper Erian, and not Lower Carboniferous, for the following among 
other reasons : — 1st. This flora occurs at Scaumenac, Bay de Chaleur, 
in beds holding Pterichihys and other Devonian fishes, described by Mr. 
Whiteaves of our survey,* and underlying uncomformably the lower 
conglomerates of the Carboniferous (Bonaventure formation of Logan). 
These beds are mostly grey sandstones and shales with some red beds at 
top, and the Carboniferous conglomerates are also red, the whole ex- 
posed in fine sections.f 2d. We have in Nova Scotia, well exposed and 
rich in plants, the lowest Carboniferous which I have called the Horton 
Series, and parts of which some of our younger geologists seem disposed, 
wrongly I think, to class with the Devonian. It contains a quite distinct 
flora (Lepidodendron corrugatum, Aneimites acadica, etc.), not found 
anywhere in the true Upper Devonian beds. 

These reasons I regard as conclusive, and they cause me to consider 
the beds of Perry, in Maine, true Upper Erian, though it is apparently 
not easy to separate them stratigraphlcally from beds of similar mineral 
character in New Brunswick, regarded as Carboniferous. 

As the Erian flora migrated from the north and east, it is possible 
that south and west its plant types may be found at higher horizons, as 
has been supposed in Ohio (Newberry, Andrews,) and Virginia (Meek, 
Fontaine,) and therefore I would not be too confident as to these, but 
would be influenced by associations of other fossils and by distinct 
species of Devonian genera. As to the Catskill region, however, there 
is I think every reason to believe that it conforms nearly to our Cana- 
dian types of the formation. Truly yours, 

J. Wm. Dawson. 

It must not be hastily concluded that if the dividing line be- 
tween the Carboniferous and Devonian be lowered from the top of 
the Catskill to its base that it will always give a precise dividing 
line. On the contrary it is doubtful if in the Appalachian Pale- 
ozoic area the line separating the Catskill from the Chemung can 
be determined with as great precision as the line between the 
Catskill and Pocono. Professor Williams has previously called 
attention to the difficulty of separating the Chemung from the 

■ *Proc. and Trans. Royal Soc. Canada, Vol. IV, Sec. IV, p. 101. 
fSee Fos. Plants Erian and Up. Sil., Pt. II, pp. 98-102. 
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Catskill in eastfem New York,* and in his * 'Report of the Sub- 
Committee on the Upper Paleozoic (Devonic)" to the Fourth 
International Congress of G^ologistfi, the professor said, <<The 
Catskill stage in eastern New York follows the Chemung fauna 
in general, but the fact that species of fish and plants which 
characterize the t^^pical Catskill rocks have been found in strata 
ha\ing Chemung fossils above them, makes it impossible to locate 
the precise equivalenc}' of rocks marked only by the one or the 
other of these types of fossils, "f In another publication professor 
Williams has written more fully upon this topic and the following 
quotation gives a good idea of his views at that time. ' 'In r^ard 
to the Catskill group, my studies have led me to believe that the 
Catskill red rocks of the east offer evidence of having been con- 
temporaneous with a great portion of the Upper Devonian rocks, 
and a comparison of faunas, at least, goes to show that the base 
of the red beds does not form a definite and uniform horizon. . . . 
This shutting off of the sea [with its Chemung marine fauna] took 
place earlier in the eastern than in the western part of this New 
York-Pennsylvania area, and there is reason to believe that in 
Sullivan county. New York, it was as early as. the reign of the 
Hamilton faunas, "t 

My field studies, the past summer, in the eastern Catskills of 
Ulster and Greene counties. New York, have shown the correct- 
ness of the last sentence in the above quotation. In that region, 
along the line of the Ulster and Delaware R. R. , the last marine 
fauna is composed principally of Hamilton species, above which 
are fossil plants of Hamilton facies ; then non-fossiliferous shales 
and sandstones in which the first of the reds appear ; still higher 
arenaceous shales and sandstones in which species of ArcficBopterts 
occur ; and at the "Summit" gray and red sandstones, with some 
pebbles, but no fossils. Fifteen miles northeast, a section along 
the Kaaterskill creek and up Round Top mountain agrees in gen- 
eral with the above section ; but, differs in having a great devolop- 
ment of massive conglomerates and also the Archceopteris zone was 
not noticed. At the 6i*eat fallsS of the Kaaterskill arc numerous 

♦Proc. Am. As. Adv. Scl., Vol. XXXIV, 1886, p. 234. 

f American Geologist, Vol. II, 1888, p. 241 ; or, Reports of the Amer. 
Comm. to the London Session of the Int. Cong, of Greologists, Pt.C, p. 19. 

tBull. U. S. Geol. Surv., No. 41, 1887, p. 27. 

JThcse falls, which are also known as High falls and Big falls, are 
between three and four miles down the creek from Palenville. 
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specimens of Spiri/era granuli/era Hall, S, medial is Hall,* 
Chonetes coronata (Con.) Hall, and other characteristic Hamilton 
species ; above this the blue flagging stone ; then blue and gray, 
with an occasional layer of red to Palenville, at the entrance of 
the Kaaterskill Clove ; in the Clove layers of reds alternating with 
grays predominate, but also some of blue and green occur, and 
in the lower portion of the glen are the fish beds of Sherwood ;t 
then massive conglomerates alternating with grays and reds ; and 
finally, forming the upper part of Round Top, principally coarse 
gray sandstones, which Hall and Ashbumer called Pocono. t Near 
the foot of the Cascades below Haines' falls, and about four 
hundred feet below the base of the heavy conglomerate, so well 
exposed in Twilight park, in one of the bluish-gray arenaceous 
layers, are numerous specimens of Psilophyton prmceps Dn. } 
This horizon is several hundred feet above the top of Sherwood's 
fish beds and consequently would be in the midst of undoubted 
Catskill as defined by professor Hall.^ In this great thickness of 
rocks' careful search failed to reveal any fossils, except the fish 

*Prof. Davis In 1883 stated that ''Splrifer mucronatua and medUilis 
are both of common occurrence" at this locality (Bull. Mus. Comp. 
Zoology, Harvard Ck)lleg6, Geol. Ser., Vol. I, p. 318). 

fProc. Am. Phil. Soc, Vol. XVII, 1878, p. 346. In connection with 
this section see Ashburner*s interpretation in 2d Geol. Surv. Penn*a. F» 
1878, pp. 218, 219, and Prof. Hall's account In the 28th Rep't. N. Y. 
State Mus. Nat. Hist. 1879, pp. 14, 15. 

tProf. Hall in Proc. Am. As. Adv. Sci., Vol. XXIV, 1876, p. 83, and 
28th Rep*t. N. Y. State Mus. Nat. Hist., p. 15; Ashbumer in 2d Geol. 
Surv. Penn'a. F, pp. 218, 219. 

Jin order to remove any doubts as to the correctness of this identifi- 
cation specimens were submitted to Sir William Dawson, who wrote me 
March 19th, 1891, as follows : *'So far as I can make out, most of the 
plants are PHUyphyton princeps. One seems to have sporocarps at- 
tached, and the broader stems are, I suppose, rhizomata 

As to the age of your specimens, — though Pailophytxm occurs in the 
Upper Devonian, I have not found beds so exclusively filled with it as 
yours seem to be, except in the middle or lower division. Perhaps it 
held out longer further south, like some other plants." 

»See Proc. Am. As. Adv. Sci., Vol. XXIV, 1876, p. 83, where Prof. 
Hall stated that *'The occurrence of this fossil [CypricardUea catskill' 
evisis] may, in my opinion, be relied on as characterizing the base of the 
Catskill formation, while the Holoptychius marks the beds above, but 
still is not known above the middle of the formation. '' While in 1879 
Prof. Hall in describing this particular section said "On the eastern 
face of the Catskills, in the gorge known as the Clove, the same beds 
[Catskill] have been recognized charged with the remains of Hnlopty- 
chUiSt similar to those of the beds near Blossburgh, Pa., and elsewhere'* 
(28th Rep't, N. Y. State Mus. Nat. Hist., p. 14.) 

^Sherwood's measured section from Palenville to the summit of Round 
Top is 3,482' (Proc. Am. Phil. Soc, Vol. XVII, pp. 346, 347); while 
Prof. Hall in discussing it said **The section measured from Palenville, 
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fragments and plants, above the fauna first mentioned, which is 
regarded as probably belonging to the Hamilton stage and certainly 
is not later than the fauna of the ^'Ithaca group. '' 

In the preparation of that portion of this paper relating to the 
range and distribution of the fossil plants, I would acknowledge 
great assistance from data contained in the Diyision of Paleobotany 
of the U. S. Geological Survey, which Prof. Lester F. Ward has 
kindly placed at my disposal. 

U, S, Geological Survey, March 1891. 



NOTES ON THE GEOLQGY OF THE SOUTHWEST. 

By RoBBRT T. Hill, Austin, Texas. 

Thickness of the Upper Cretaceous Marls, — It is impossible, 
owing to the softness and lack of good exposures, to measure by 
surface sections the thickness of the upper Cretaceous beds in 
central Texas. An artesian well at Thorndale, however, penetrated 
2000 feet of the Glauconitic beds and Exogyra ponderosa marls. 

Foraminifera of the Texas Region. There is a fertile field for 
study on the micro-paleontology of the upper and lower Cretaceous 
beds of Texas, and some of the Foraminifera are most interest 
ing. I have recently seen a beautiful Rotalia from the uppermost 
upper Cretaceous, collected b}^ Mr. J. S. Stone, while the Austin 
and other chalks are abundant in undetermined forms. The Node- 
saria texana, of Conrad, belongs to the Denison beds and their 
southern continuation — the Exogyra arietina clays. This form 
literally composes great masses of limestone west of El Paso, at 
Del Rio and other points on the Pecos region of Texas. I have 
also found it at Roanoke in northern Texas in the the ferruginous 
sands of the Denison beds. Another form, the Tinoporus teocana, 
of Roemer, occurs as the substance of a beautiful chalk stratum 

in Green county, to the top of Round Top mountain, gives an entire 
thiclcnessof nearly 3,800' " (28th Rept. N. Y. State Mus. Nat. Hist., 
p. 15.) The sum of Ashburner's totals, for the several subdivisions of 
this section, is 3,939' ; but, the thickness of the red beds is 1,889' in- 
stead of 2,319' as given by him and in addition he counted the 27' of 
bed No. 145 twice (2d Geol. Surv. Penn'a. F, pp. 218, 219.) The entire 
thickness of the series under consideration, extending from the top of 
the Hamilton group to the summit of Round Top, was estimated by 
Prof. Hall to be 5,800' (Proc. Am. As. Adv. Sci., Vol. XXIV, pp. 82,83.) 
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in the aLternating beds of the Trinit}' division of the Comanche 
series, and a suite of specimens has recently' been forwarded to 
Washington for the educational series of the U. S. G^logical sur- 
vey by Mr. Wilson Davidson. European friends inform me that 
this form is verv characteristic of the Aptian horizon of that coun- 
try. The most remarkable foraminifer of the Comanche series, 
however, is the large strawberry-shaped form which I described 
lately in the American Journal of Science, which occurs associated 
with the last mentioned species in greatest abundance. I am in- 
formed by friends at GOttingen that this is a new genus. I shall 
be glad to aid any student who will undertake the systematic study 
of the Foraminifera of the Cretaceous beds of Texas.* 

Recent Indian Work-Shops of Central Texas, No country can 
present such ideal conditions for aboriginal nomadic existence as 
the lower Cretaceous hills of central Texas, and here the Coman- 
ohes, Huecos, Lipan and Kiowas for many centuries lived what must 
have been a most perfect savage life. In these plateaus and mesas 
is an extensive development of flint nodules, a clear, translucent 
variety, resembling in every lithological aspect the Cretaceous 
flints of Europe. The region has many springs and water holes, 
and near any of them can be found work-shops where the Indian 
manufactured spear and arrow heads. The prevalent method 
seems to have been to rudely fashion the nodules into <^ turtle 
backs" at the flint beds usually near the escarpments of the mesas, 
and then to convey their unfinished products to the water holes 
where they could be finally shaped at leisure. 

Near an old Comanche trail in western Travis county nearly 
every flint seems to have been broken or tested, and numerous 
<< failures" are found which the old school archseologist would 
vow are perfect types of European paleolithic implements. 

I have obtained numerous evidences that their implements were 
manufactured in this century, not only from the fact that the im- 
plements are always on the surface and never buried but from 
ocular witnesses to the fact that the Comanches and other tribes 
actually used them in their warfare with the white men. 

The Tertiary basin of the Lower Rio Grande, I have recently 
devoted much time to the study of the faulted mountain structure 

*It will be gratifying t othe friends of science to know that Prof. W. 
B. Clarke of John Hopkins is undertaking a systematic study of the 
North American Cretaceous Ecliinodermata. Not a single group of our 
magnificant Cretaceous fauna has as yet been presented in a systematic 
manner. 
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and intervening Tertiai-y basins of the Texas-Mexican region. 
From San Antonio westward to Del Rio, and thence southeastward 
through Mexico to an indefinite distance coastward be3'ond Lam- 
pazos, Mexico, included between the eastward escarpment of the 
Comanche series plateau of Comal, Uvalde, Medina and Maverich 
counties and the Santa Rosa mountain group of Mexico, at an 
elevation of 400 to 1000 feet above the Rio Grande, there are pre- 
served many remnants of a grand detrital deposit of either a f i*esh 
water lake or a great embayment of the gulf which existed in 
comparatively recent Tertiary or Quartemary time. This deposit i» 
composed of flint and limestone pebbles and boulders of material, 
mostly from the Comanche rocks, cemented by a calcareous ma- 
trix. Terraces, benches and remnental patches of this material 
are found around the perimeter of the whole area in great thickness, 
while estuarine embayments extend far up the canons of the 
streams flowing into it from the mountain. The cafion Rio Frio 
in Uvalde county, Texas, for instance, gives a fine view of this 
fact. While the headwater erosion of that stream is still progress- 
ing, and destroying the grand Cretaceous plateau of Edwards and 
Uvalde counties, the lower half of the canon, from one to three 
miles in width, is a level valley filled with fifty feet of this ancient 
debris, through which the stream is now cutting. I propose the 
name Uvalde formation for this terrace and shall discuss it more 
fully in future papers. 

The Age of the Strata at Marble falh and Shinhone ridge. 
In the American Geologist for November 1889, I published a 
paper entitled < * A Portion of the Geologic Story of the Colorado 
River of Texas, '' in which I assert the rocks of Marble Falls and 
the adjacent Shinbone ridge in Burnet county, Texas, to be of 
Carboniferous age. Inasmuch as my determination of the fossils 
were made by professor H. S. Williams of Cornell University, 
who is our best American authority on the later paleozoic rocks, 
I was somewhat surprised to read in Dr. Theodore B. Comstock's 
paper on the *< Geology of the Central Mineral District" in the 
First (Second) Annual Report of the Texas State Geological Sur- 
vey, that he had proved ^^bejond all doubt" that my conclusions 
were wrong, and that the strata at Marble falls were <* Devonian" 
and those of Shinbone ridge ** Silurian. " Inasmuch as he gave no 
paleontologic or other reasons for this remarkable diversity in age 
of the same stratum, I recently revisited the region in company 
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with Dr. Cooper Curtice of the U. S. Geological Survey, and veri- 
fied iny observations by collecting a large and abundant fauna of 

typical Carboniferous forms at both localities, which are one and 
the same stratum, including Zaphrentis, Productus, , and other 

typical Carboniferous species, all of which are on deposit in the 

Smithsonian Institution, where they can be seen. I shall be glad to 

furnish specimens of this fauna to all interested. Dr. Comstock 

also kindly remarks that I <<hit" upon the age of the adjacent 

Burnet granite. Possessing the average amount of that humanity 

which is liable to err, especially in the stud}^ of those geologic 

specialties which are beyond my own narrow branch of the science, 

I must confess that the age of the Burnet granite is the only <<hit" 

in the above mentioned paper wherein I missed, for I have since 

found that the overlying and contacting Potsdam sandstone is 

largely composed of this granite's debris, quartz, and feldspar and 

that Walcott*s original determination of the pre-Potsdam age was 

correct 

jEolian deposits of Eddy county^ New Mexico, The main 
western escarpment of the great mesa of the Llano Estacado is 
about fifty miles east of the present channel of the Pecos river, 
which has cut down through the fine clays and sands of the Red 
beds (Permo-Trias)and is blowing at this contact with the hard 
Permian limestones. The prevalent winds in this extremely arid 
region are from the west, and the fine sandy debris of the Red 
beds is blown eastward until its course is obstructed by the western 
escarpment of the Llano Estacado, where it forms a long strip of 
almost impassable sands 100 miles long by ten miles wide. So 
excessive is this wind erosion in the New Mexican portion of the 
Pecos valley, that sand storms are very prevalent, and I saw 
nearly ten bushels of fine sand swept from a large veranda as the 
accumulation of twenty-four hours time. 

Possible Uses of Lignite. — The manufacture of the woody, 
fibrous lignites of the Eocene beds of Texas into briquettes is the 
subject of great discussion in Texas at present. That this cannot 
be done profitably owing to cost of manipulation has been proven 
by the extensive experiments of the Houston and Texas Central 
railway company. But there are other uses to which this in- 
exhaustible mass of fuel can be put. Burned in situ the energy 
can be converted into electrical force and transmitted cheaply for 
industrial use. << Artificial natural gas," or water gas can also be 

26 
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manufactured with it and piped to leading industrial centers at 
trivial expensa Already laige quantities are being utilized as & 
substitute for charcoal — which it nearest resembles in physical 
properties — in the refinement of sugar. 
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The iron ores of Minnesota, Their discovery, development, qualities 
and origin, and comparison vjith those of other iron districts; with a 
geological map, 26 figures and 44 plates; 430 pp, 8vo. Br N. H. and 
H. V. WmcHELL, Minneapolis, 1891. (The Geol. and Nat. Hist. Sur. 
of Minn. Bulletin No. 6.) 

This is a work which was instigated by the law of 1887, requiring 
the state geologist to make special examinations for the discovery of 
any economic product, as the preface informs us, and certainly the 
authors have no need to apologize for not having sunk the appropria- 
tion in holes in the ground designed to lay bare parts of strata that 
have not been seen before. 

The information contained in this volume is of far greater value than 
the discovery of a new bed of iron ore would have been, because it givea 
the most valuable information not only to the statistician, statesman, 
furnaceman, and miner, but especially to the class to which all of the 
above come for the information which they apply to economical work — 
the class of scientific geologists. 

This work is comprehensively arranged into eight parts and four 
Appendices of which Part I contains all of the valuable new research 
and the rest is devoted to history, statistics, speculations, and lists. 
Nevertheless, so naturally do these latter follow the more original re- 
search of the first part, and so exhaustive is their treatment of the 
various subjects that they may also be said to directly contribute to our 
knowledge. 

Especially is this true of Part IV which is concerned with the origin 
of iron ores ; Part V, the bibliography of this subject with full cita- 
tions from all who have entered this field of theory ; and Appendix A 
which is a disquisition favoring the theory of the precipitation of the 
Keewatin ores and their distribution as a sediment, in opposition to a 
metasomatic genesis. 

The 41 plates, including colored lithographic representations of 
thin sections of rocks, photographs of scenery, machinery, etc., maps 
and tables are admirably executed and worthy of the book which 
marks an epoch in this kind of work. 

A hurried glance at Part I, which has the strongest bearing on the 
future iron industry, shows that it is divided into seven sub-headings 
following a sketch which shows the "recentness" of the development 
of the Minnesota ores. 
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The key-noto of the interesting discussion of the Vermilion and 
Keewatin ores is contained in the statement that the Vermilion magnet- 
ites are embraced in the schists immediately superimposed upon the 
Lauren tian gneiss. They are believed to be due to hydro- thermal 
forces acting within the earth's crust on sediments and iron ores which 
were nearly in the condition of the rocks of the Keewatin series which 
is that next following the Vermilion. This fact is assumed, and the 
following comparative tables of the constitution of the Keewatin and 
Vermilion rocks open the subject. 

Keewatin. Vermilion, 

A chloritic mineral. A horblendic mineral. 

A sericitic mineral. A micaceous mineral. 

A feldspathic mineral A feldspathic mineral 

(generally plagioclaae). (frequently orthoclase). 

Hematite iron ore. Magnetite iron ore. 

Good reason is shown for supposing that the change from chlorite to 
hornblende may take place by the loss of water and the absorption of 
lime. The evolution of the Vermilion biotite through hydrobiotite, and 
hydromuscovite, to muscovite are ascribed to hydrothermal action. The 
change from plagioclase to orthoclase is accounted for by heated alka- 
line solutions reaching the mineral while under partial or complete 
hydrothermal fusion. That magnetite can result from hematite through 
the agency of heat and moisture is taken as one of the commonest 
phenomena of metamorphism. 

The Keewatin rocks are defined as of original volcanic origin as tuffs, 
altered and deposited by the hot Keewatin ocean. 

A description of diamond drill holes near Tower, shows the frequent 
alternation of the schist with the ore and Jaspityte. A well executed 
plate of four colored sections represents the studies of Dr. Hensoldt of 
some of these rocks. 

But the main point contended for, viz: that there has been a com- 
pleted cycle of evolution of the Biotite through Hydrobiotite to Musco- 
vite and back again to Biotite, that the Keewatin type has changed to 
the Vermilion and back again to the Keewatin by the recurrence of 
similar agencies, is a strong corroboration of the theory of cyclomor- 
phism which was emphasized in a paper read before the British Ass'n 
in 1888 entitled, ''The nucleal ranges of the Antilles," wherein it was 
shown that Just such complete cycles of change had been passed through 
by the crystalline rocks of Cuba. 

It is interesting in this connection to note the correspondence of the 
association of red and purple Jasper nodules occurring throughout the 
green schist with the same phenomenon described by the writer in the 
geological survey reports of Penna. and named by him ''Mountain 
Creek rock," because found abundantly along the Mountain creek of 
South mountain in Cumberland, Adams, Franklin and York counties, 
Penna. In this latter region the average size of these fragments is much 
less than in Minn., but occasionally there would be found amass several 
feet in diameter. It was found also impossible to draw a distinction in 
age between the red and amethyst (or purple) quartz fragments and the 
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enclosing schists. The significance of the analogy is that if the writer's 
structure of the South mountain be correct, these ** quartz conglomerate 
schists" (as they are also called by him) represent the lower or nucleal 
anticlinal of the complicated series of folds representing this mountain 
chain and were considered as immediately overlying the Lauren tian 
(See Reports 2d Geol. Survey of Penna. Vols. G 2, C 3, and C 4). In 
Pennsylvania, however, they were not associated with iron ores. Both 
specularite and native copper, however, are associated on the East flank 
of this mountain with chlorite schists and thin beds of the rocks named 
jasper by H. D. Rogers, and shown by Hunt to consist of a paste of or- 
thoclase mingled with extremely finely divided quartz grains. The cor- 
respondence between these phenomena in the Vermilion range in 
Minnesota and the oldest part of the Appalachian system in Pennsylva- 
nia is of great interest. 

A strong case is made for the distinction of two periods of brecciation 
of the jaspilyte. The first period being at or about the time of the pro- 
duction of the ore and Jaspilyte and the second being with much show 
of reason ascribed to primordial time. 

Dr. Hen8oldt*s argument in favor of the precipitation origin of the 
jaspilyte deserves to be well considered, but in view of the very impor- 
tant bearing the question of genesis has on a large series of rocks in the 
East it should be passed through the probation of criticism before it is 
finally accepted. 

His plea is in short that under a moderate magnification this rock 
constituent exhibits the '^ mottled '* appearance peculiar to novaculyte 
and hot-springs deposits. He finds in the quartz of the Jaspilyte the 
same diversity in color with rotation around an axis, and the same 
absence of fluid enclosures as in the well known deposits of amorphous 
silicas. 

He finds, however, a difficulty in the comparative uniformity and more 
or less hexagonal outline of the grains. His conclusion is both 
plausible and bold. He imagines a series of volcanic irruptions under a 
hot and dense sea-water charged with free hydrochloric, sulphuric and 
other acids. The iron of the magnetite in these lavas was, by reason of 
its greater specific gravity, first deposited as a fine mud, and following 
this the silica was deposited in drops as gelatinous silica. These drops 
pressing upon each other effected the ** hexagonal outlines" as is the 
case with basaltic columns. The salts of calcium and magnesium being 
of low specific gravity were transported elsewhere. He further supposes 
that there was usually a cessation of the deposit of the Jaspilyte while 
the materials of the green schist were being thrown down, but that oc- 
casionally they were thrown down together; and that after the deposit 
of a few thin beds these were disrupted and contorted before the forma- 
tion of the next succeeding bands. His hypotheses are ingenious but 
cannot be said to be fully satisfying. 

The authors feel Justified In announcing that from the widest com- 
parison of all the available data concerning the Keewatin and other ores 
** the Keewatin ores of Minnesota as produced from the mines at Tower 
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and Ely are purer than any ores mined to any extent in the world." 
This is based upon the fact that one-half the ore mined is low in phos- 
phorus, and nearly one-half contains over 65 p. c. metallic iron and less 
than 0.06 p. c. phosphorus. The other half is not quite up to Bessemer 
standard, but its grades are guaranteed to run as follows: Vermilion, 
66.66 p. c, Soudan, 65. p. c. and Red Lake, 62. p. c. metallic iron. 

This is a great showing taking into consideration the high authority 
which is responsible for it. 

In the consideration by the authors of the origin of the Keewatin 
ores (p. 105), there is a contradiction of the conditions supposed by Dr. 
Hensoldt in explaining the deposition pf the ores (p. 75 ). In the latter 
he speaks of the heated waters of an ocean heavily charged with hydro- 
chloric, sulphuric, and other acids, whereas the authors in the first 
citation supposed the volcanic outburst to come in contact with heated 
**aWcaline" waters. 

In the explanation (p. 110) of the abundance of iron and silica the 
authors say ** these two minerals would have been the first to free them- 
selves from solution and appear as precipitates on the bottom of tho 
sea." This does not, however, explain why such a base and such an acid 
should not, in the poetic language of the previous page, have each taken 
the partnerless other and descended to the bottom so conjugated that 
their exploitation as silicate of iron itould not to-day be a remunerative 
enterprise. If it is answered that the form of iron which was ejected 
by the submarine volcano was Fe. (Fe O 2). Still a little less than 25 
p. c. of all the iron thus released would be like the silicic acid in the 
nascent state and in the most favorable condition to combine. Yet there 
is no record of any large percentage of iron silicate among these deposits. 

A similar origin is supposed for the Taconic as for the Keewatin ores. 

In the synoptical review the presence of titanium is taken in the ores 
of the Vermilion series to indicate an early eruptive origin of the ore, 
and the Vermilion itself as upper Laurentiau. The Keewatin ores are 
the chronologic equivalent of the ores of the Laurentian gneises of the 
eastern border. The Taconic (Huronian) ores consist of non-titanic 
magnetites at the bottom, jaspilitic hematites next above, soft hema- 
tites, and titanic magnetites. The Cretaceous limonites are unimportant 
in Minnesota. 

The careful compendium of views on the origin of iron ores does great 
credit to the industry and conscientiousness of the authors. Few sub- 
jects have ever received such a thorough treatment. Besides a classifi- 
cation of eighteen theories of the origin of iron ores and a tabular 
statement of the geologists who have favored each theory, there is at 
the end a digest of the views of geologists from the earliest times in 
alphabetical order, occupying 73 pages and containing all of importance 
that has been written on the subject. 

Appendix B is a reprint of a paper read before the Geological Society 
of America on the Taconic Iron ores of Minnesota and western New 
England. Appendix C is a recent paper by the state ffeologist of 
Minnesota before the Minnesota Academy of Natural Sciences. 
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The whole Jrolume is an enduring monument to the ability and faith- 
fulness of its authors, and one of the best examples in the language of 
how such a work ought to be done to conform to the demands of the 
State and to satisfy the expectations of scientific men. F. 

Summary report of the Oeological Survey Department {Canada) for the 
year 1890, Octavo, Ottawa, 1891, pp. 57. By Alfred R. C. Selwyx, 
Deputy head and Director. This gives the law of the new organization 
of the survey as a department of the civil service, and a brief summary 
of the operations of the fourteen parties which carried on the fieldwork 
during the season of 1890. 

We note in Mr. TyrrelPs report on northwestern Manitoba the dis- 
covery of a phosphatic shale in the Niobrara formation containing 17.25 
per cent, of phosphoric acid, composed largely of fragments of fish re- 
mains. He also identifies the Pierre shales and the Benton formation. 
Niagara was found on the shore of Cedar lake, but on lake Winnipeg the 
Trenton and Utica formations only exist. The St. Peter sandstone of 
Minnesota, and the Keewatin series of schists of the Lake of the Woods 
district were identified. One of the important results in Manitoba is 
the discovery of considerable deposits of amber on the west shore of 
Cedar lake mixed loosely with sand and many fragments of partly de- 
cayed wood, on a low beach. It constitutes from five to ten per cent, of 
the volume of the whole deposit, and is estimated to amount to at least 
1.457,280 pounds. From the Dakota sandstone at Morden a flow of salt- 
water was obtained at the depth of something less than 600 feet. The 
expenditures of the survey for the year ending June 30, 1890, were 
3102,864.99. 

A new basis for Chemistry; a chemical Philosophy, By Thomas 
Stebby Hunt. Third Edition, with new preface, 12mo. Scientific 
Publishing Co., New York, 1891. 

For more than forty years Dr. Hunt has held a conspicuous position 
among the chemico-geologists of America, and his late works, which are 
the culminating results of long researches, embody the conclusions of 
his life-work. These convictions, however, so far as they fall into the 
spiiere of this volume, were many of them announced, though not 
with full elucidation and demonstration, over thirty years ago. Since 
then great advances have boen made in dynamical and chemical knowl- 
edge, and this little volume is a re-embodiment, with additional philo- 
sophical discussions, of principles which were announced from time to 
time in the scientific journals, since 1848. 

On the BloUxjienl and Oeological SUjnlfieance of closely similar Fossil 
Forms. By Dii. C. A. White, U. S. Geological Survey. (Proc. A. A, A. 
S., Vol. XXXIX, pp. 230-243.) 

In the study of fossil mollusoan faunas it is frequently found that a 
tow apparently identical or closely similar forms occur in formations 
widely separated, both in time and space, while the accompanying faunas 
have no other species in common. Of these forms the greater number 
are monomyarians, though there are also many heterorayarians and 
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dome land and fresh water bivalves and univalves. For example: 
Ostrea diluvlana Linn, from the Turonian of Europe, an Ostrea to which 
the same name has been given from the Lower Cretaceous Comanche 
aeries of Texas, O. barrandei Coquand and O. dilleri White from the 
Upper Cretaceous of New Jersey and California, respectively, are all so 
closely related in form that their differences are not greater than the 
individual variations usually seen in the species of this genus. The as- 
sociated forms are all distinct. Several other examples are cited among 
OstreidsB, Aviculidae, Unionidae and other families, in some of which the 
forms are separated by much greater time intervals. 

The method of treating such forms will depend largely on the charac- 
ter of the work that the paleontologist has in hand and on the relative 
Importance that he gives to the geological and the biological sides of his 
subject. If the investigation is purely biological without reference to 
geographical or geological distribution, these closely related forms are 
naturally regarded as belonging to the same species and are called by 
a single name. If, on the other hand, fossils are studied as an aid in 
•describing and characterizing geological formations, and a given for- 
mation yields a fauna made up of species peculiar to itself with 
the exception of a few such forms as those under discussion, it is held 
to be admissible to treat the entire fauna as distinct and to give a new 
name to each species. 

It is believed that this method of treatment will give better and more 
^direct results in the classification of the formations of this continent, 
And in their ultimate correlation With those of other continents, than 
would one in which biological ideas predominate. The synonyms that 
may be thus introduced are regarded as of little consequence compared 
with the resulting advantages. 

Glacial Lakes in Canada, By Wakrkv Upham. Bulletin of the 
'Geological Society of America, vol. ii, pp. 243-276 ; March 5, 1891. A 
glacial lake, according to the use of the term in this paper, is a body of 
water bounded in part by a barrier of land-ice, as the Merjelen see of 
the present day and lake Agassiz in the closing stage of the Glacial 
period. The evidences of the former existence of glacial lakes, pent up in 
valleys and basins which had descending slopes toward the ice-sheets 
•during their final recession, are comprised in five classes : (1) channels 
eroded by streams outflowing from the glacial lakes across the present 
great lines of watershed; (2) low cliffs eroded along the lake shores, 
commonly consisting of till ; (3) beaches of gravel and sand, often reach- 
ing continuously in a wave-formed ridge along a distance of many miles; 
(4) deltas of gravel and sand, brought into the edge of the lake by 
tributary streams; and (5) finer lacustrine sediments, brought mainly by 
the same tributaries and spread over the lake-bed beyond the deltas, but 
in part supplied by wave-erosion of the lake shores. 

The principal glacial lakes of Canada are noticed in geographic order 
from west to east. In British Columbia the ** White Silts, " described 
by Dr. George M. Dawson as occurring up to altitudes of 2,300 to 2,700 
feet, and by him referred to marine deposition, are regarded by Mr. 
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Upham as sediments laid down in glacial lakes or on land areas across 
which the floods discharged from the melting ice-sheet flowed away on 
their course to the sea. Glacial lakes in the basins of the Peace and 
Athabasca rivers, and of the Saskatchewan and Souris rivers, are shown 
to have been tributary to lake Agassiz, which covered the valley of the 
Bed river of the North and the low area of Manitoba, being still repre- 
sented there by the large lakes Winnipeg, Manitoba, and Winnipegosis, 
besides others of smaller size. The area of lake Agassiz is stated to 
have been about 110,000 square miles, or more than the combined areas 
of the five great lakes which outflow by the St. Lawrence. Its highest 
shore, marked by beach ridges and rarely by low eroded cliffs, Mr. 
Upham has traced with levelling along an extent of about 600 miles 
across the southern prairie portion of its area ; and Mr. J. B. Tyrrell 
has extended this examination about 100 miles farther north along the 
escarpments of Biding and Duck mountains. The great Laurentian 
lakes were also held at much higher levels than now by the barrier of the 
waning ice-sheet, and the Canadian shores of these enlarged lakes are 
very distinct In many localities north of lake Superior, about lake 
Huron, and in the vicinity of Toronto. 

From surveys by Gilbert, Spencer, and others, the elevations of the 
highest glacial shore lines about the Laurentian lakes, especially lake 
Ontario, have been ascertained continuously through long distances. It 
is thus found that since the departure of the ice-sheet portions of this 
lake area have undergone a differential uplifting, of increasing amount 
from south to north and northeast. The maxium rate of northward 
ascent of the old beaches is adjacent to the eastern end of lake Ontario, 
being about 5 feet per mile through a distance of more than fifty miles. 
On the area of lake Agassiz, however, where northward uplifting had 
been previously discovered by Mr. Upham, the ascent, which is con- 
tinuous along a distance of at least 400 miles from south to north, varies 
from a minimum of about six inches to a maximum of only about one and 
a half feet per mile. The levels of the Laurentian lakes in the Cham- 
plain epoch, or time of recession of the latest ice-sheet, and the contem- 
poraneous sea level which reached along the St. Lawrence valley to 
Ogdensburgh and Brockville, near the mouth of lake Ontario, with the 
changes produced by the uplifting of the land shown to have been then 
in progress by successive beach lines, lead Mr. Upham to the conclusion 
that the altitude of the glacial outlet from lake Michigan to the Des 
Plaines river at Chicago has remained nearly the same from the Cham- 
plain epoch to the present time, while the northern and northeastern 
part of the area of the Laurentian lakes has been elevated 300 to 500 
feet during and since that epoch. 

The latest North American ice-sheet, by which these glacial lakes 
were formed at the time of its recession, is shown by Mr. Upham to 
have probably been during Its culmination of greatest extent and depth 
a continuous mer de gUice from the Atlantic to the Pacific, overtopping 
the Bocky mountains in the Peace river region, and outflowing from the 
interior portion of Its area both southward and northward. The thick- 
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ness of its central belt from Labrador and the south part of Hudson 
bay westward to the Pacific varied apparently from one to two miles, 
and the area which it covered was approximately 4,000,000 square miles. 

Stratigraphy of the Carboniferous in central Iowa. By Chablbs E. 
Keyes. Bulletin, G. S. A., vol. ii, pp. 277-292, with two plates ; March 
5, 1801. A section extending 65 miles, from Harvey in Marion county 
west-northwest along the Des Moines river to the city of Des Moinea 
and thence westward along the Raccoon river to De Soto, is here de- 
lineated ; and descriptions of the strata are given for the ten localities 
included within this distance. There is in general a very gentle dip 
toward the southwest. Mr. Keyes finds from careful measurement of 
the various members of the Lower Coal Measures, that they originally 
were more than 700 feet thick ; but they have suffered much erosion, 
and probably nowhere in this district present now so much as half of thi» 
thickness. They are chiefly shales, with infrequent and thin layers of 
sandstone. One exceptional bed, however, called the Bedrock sand- 
stone, has a length of at least twenty miles and a width of six or seven 
miles, and attains a maximum thickness of more than 150 feet. Only a 
few very thin bands of limestone, mostly nodular and shaly, are found; 
but, though seldom exceeding ten or twelve inches in thickness, they 
constitute the most persistent horizons of the series, being recognizable 
over wide areas. 

The coal seams vary from a few inches to seven or eight feet in thick- 
ness, the average of those at present worked being between four and 
five feet. They occur as lenticular masses, from a few hundred yards 
to several miles In diameter ; and along the line of this section more 
then twenty coal-bearing horizons have been found, some of them having 
several of these lens-shaped layers of greater or less extent. The fauna^ 
of the section embraces about 50 genera and more than 150 species. 
Minute molluscan shells occur in vast numbers. 

Evidence of important oscillations of level during the deposition of 
the Lower Carboniferous formations and the Coal Measures is shown by 
unconformatles, some of which were reported by White more than 
twenty years ago. The most remarkable instance is the erosion of the 
Bedrock sandstone in deep gorges and ravines, which afterward became 
filled with a coal deposit and shales. 

AnintrodiLctionto the stxidy of petrology: The igneous rocks. By Fred- 
erick H. Hatch, Ph. D., F. G. S., 43 illustrations, J2mo., 128 pp., New 
York, Macmillan & Co., 1891. 

This is a handy compend of the characters of igneous rocks, as well 
as of the minerals of which they are composed. Its use presupposes a. 
knowledge of all the customary methods of determination whether they 
be chemical or microscopic. It has chapters on their structure, chem- 
ical composition and alteration, as well as on their classification and dis- 
tribution in the British Isles. The work does not afford extensive refer- 
ences to literature, but it is evidently based on a wide acquaintance 
with the best authorities. It is adapted to beginners. 
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The ChazyformaiimiintheChamplain valley. By Ezra Bbaikebd. 
Bulletin, 6. S. A., vol. ii, pp. 293-300, with one plate ; March 17, 1891. 
This paper gives details of seven sections of the Chazy formation, as it 
is found (1) on Valcour island; (2) in the township of Chazy, N. Y.; 
(3) on Isle La Motte; (4) in Highgate, Vt., and St. Armand, Que.; (5) 
in Ck)rnwall, Vt.; (6) at Crown Point, N. Y.; and (7) in Orwell, Vt. 
The formation attains its maximum observed thickness on Valcour 
island, situated about six miles south of Plattsburgh, N. Y., which 
seems to have been hitherto unexplored by any geologist. According to 
exact measurements the Valcour section displays an aggregate thick- 
ness of 890 feet of Chazy strata which are classed under three divisions, 
named the Lower, Middle and Upper Chazy. The thickness of the lower 
part is 338 feet ; of the middle, 350 feet ; and of the upper, 202 feet. 

The Mesozoic and Tertiary Insects of New South Wales. B. Ethebidge, 
Jr.^ and A. Sidney Oliff. This paper is No. 7, Palseontological 
Series, of the Memoirs of the Geological Survey of New South Wales. 
In it we have described and figured five species of fossil Insects collected 
from three localities and probably two geological horizons in Australia. 
So far the palaeozoic strata of Australia have furnished no remains of 
insects. For some time a Llbellulold wing from beds of the Cretaceous 
period was the oldest known representative of Australian insect life. 
This wing, together with a few Tertiary fragments, chiefly elytra of 
beetles, represented all that was known of the fossil insect faunas of 
Australia prior to the publication of the present memoir. In this me- 
moir we have a cicada-like species. Cicada f lowel described from strata, 
probably of Triasslc age, occurring near the Talbragar river between 
Mudgee and Gulong. Of the remaining four species here described, a 
beetle referred to the family BuprestidcB, Mesostigmoderma typica, 
comes also from the lower Mesozoic, but from the Ipswich Coal Meas- 
ures at Denmark Hill, It)swich, Queensland. The other three species 
occur in a species of bog-iron ore that partly occupies an old silted up 
channel cut in Tertiary lavas, and are associated with a flora 6f Ter- 
tiary age. The channels bearing the insect-bearing iron ore are 
worked for ores of tin which they contain. The locality is known as 
The Vegetable Creek Tln^mining Field. Two plates give excellent figures 
of the species described. 

Records of the Geological Survey of New South Wales^ Vol. II, Part II. 
1890. We have in this publication a number of short papers, embrac- 
ing results of observations made in connection with the Geological Sur- 
vey of New South Wales. The titles include Ttie raised Bea4:hes of the 
Hunter River Delta ; The Shell-heaps accumulated by Aborigines of the 
Souttiem Coastal District ; Some beautifully formed Stone Spear-heads 
from Kimlterly ; Notes on the Ounnedah Coal-jield ; On the occurrence of 
^ish Remains in the Rocks of the Drummond Range, Central Queens- 
land ; Description of Stone Weapons and Impleinents iwecl by M)Origines 
of N. S. Wales ; and Description of Two UndescrUyed Univalves from 
the Lmver Carboniferous Rocks of N. S. Wales. Among the plates is one 
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devoted to beautiful illustrations of the Kimberly spear-heads, repro- 
duced by heliotype process from drawings made by Mr. G. H. Barrow. 

A bibliography of pakeozoic Crustacea from 1698 to 1889 ^ including a 
list of North American species and a systematic arrangement of genera. 
By Anthony W. Voodes. ( Bulletin No. 63, U. S. Survey, 1890, 8vo. 
pp. 177.) 

Captain Vogdes' long acquaintance with the literature of the trilo- 
bites and other Crustacea has served to produce a very valuable aid to 
students of paleozoic Crustacea, this bulletin serving them as a work- 
ing hand-book and guide to the original literature. The trilobites are 
Arranged into 81 genera. The author enumerates 682 species, and gives 
A systematic classification of the eighty-one genera, which he arranges 
In alphabetic order giving references to all the specific descriptions. 

The IjOWBR TAOONIO is represented by the following genera : 
Olenellus, Affraulos strenuus, Atops, Bllipsooephalus, Bathyno- 
(us, Protypns, IjiOBtraous, Ptychoparia adamsiy P. Jitchi, P. mteero, 
P. svh-coronata, P. teucery P. vulcanus, etc.f Affnostus, nobiliSt A. 
interstrictuSi A. desideratus, Microdiscus, Avalonia, Oryctocephalus 
Zacanthoides spinosust Z. typUxtlis, Solenopleura baihbifrons, S, nana, 
S. harveyU S, howleyi, Anoxnooare ( ? ) parvum ; in Newfoundland, 
Canada, Vermont, New York, Nevada and Utah. 

The 2d fauna, or Paradoxides zone, appears in Newfoundland, Massa- 
chusetts and New Brunswick ; it contains the following genera: Para- 
doxides, Agraulos affiniSt A. socialise liiostraous tener, L. oiuin- 
gondianuSf Ptychoparia, llnnarssoni, etc. Solenopleura bom/>^ron«, S. 
communis, S, robbil, S. acadlca, Agnostus acadtcus, A, regulus. A, par^ 
tUus, A, iHr, A, tessella, A. umbo, A. obtusilobus,A, acutilobus, etc. Ooxi- 
oooryphe baileyi, C, elegans, C, walcotti, Ctenocephalus {Hartella) 
fnatthewU 

The UPPER TAOONIO, comprising the 3rd or Olenus zone is only rep- 
resented in America by Olenus vta^iensis, the 4th fauna or Parabolina 
and PeUura zones Is not known in America. The Upper Taconic in- 
cludes the Olenus, Parabolina and Dikelocephalus zones. 

The fifth fauna, or Dtkelocephalus zone is well represented in the Que- 
bec group of Canada, also in Wisconsin, Nevada, Utah, Texas, etc.; it 
contains the following genera : ATwrnoaire, Bathuynis, Ohariooepha- 
lus, DikelocephaluB, Illeenurus, Ptychoparia, etc. 

The following list gives a synopsis of the genera appearing in the 
Taconic, followed by a number of species in each genus. Aglaspis 
2, AffnostuB 26, AffraulOB 13, Amphion (?) 1, Anoxnooare 6, Ano- 
polenus 1, Avalonia 1, Arethusina 1, Asaphlscus 2, ( and Bathyuriscus 
3) 5, (Atops 1, Dorypyge 4, and Olenoidcs 5, 10,) Bathynotus 1, 
Bathyurus 18 (?), Oonoooryphe 8, (Creplcephalus 5 ?) Chariocephalus 

2, Dikelocephalus 32, Dolichometopus 3, BllipBOoephaluB 1, Illsenurus 

3, Lloydia 1, Menocephalus 4, {Mesonacis and OlenelluB 7,) (Micro- 
dlBCUB 12 and Pemphi^aspls 1, 13,) Ogygia 5, Oryotocephalus 1, 
Paradoxides 12, Protypus 2, Pterocephalus 3, Ptychaspis 10, Ptycho- 
paria 58, liiostraous 4, Shumardia 2, Solenopleura 9, Triarthrella 1, 



380 Tke American Oeoloyist. June. i89i 

Zaoanthoides 4, Olenus 1, Strenuella 2 including Agnostua strenuus 
and Anomocare f parvum). 

The OAMBRIO or Lower Silurian is represented by the follow- 
ing genera: Acidaspis 9, Agnostus 3, Agraulos 1, Amphion 8, Ampyx 6, 
Asaphus 27, Barrandia 1, Bathyurellus 9, Bathyurus 17 (?) Bronteus 

1, Oalymene 7, Oeraurus 18, Chasmops l, Dalmanites 7, Dionide 1, 
Encrinurus 5, Endymionia 1, Harpes 6, Holometopas 1, Homalonotus 
1 Harpidea 3^ IHeenus 25, Lichas 6, Megalaspis 2, Nileus 3, Ogygia 2, 
Panderia 1, Proetus 2, BemopleurideB 5, Sao 1, Sphaerexochus 1, 
Sphserocoryphe 2, Symphysurus 1, Telephus 1, Trlarthrus 5, Trinu- 
oleus 2. 

8ILI7RIO or Upper Silurian, Acidaspis 5, Bronteus 8, Galymene 8, 
Dalmanites 17, Cyphaspis 3, Encrinurus 8, Homalonotus 3, Illsenus 14, 
Lichas 12, Phaoops 6, Proetus 7, Sphaerexochus 3, Ceraurus 2. 

DBVONIO, Acidaspis 2, Bronteus 2, Cyphaspis 8, OryphSBUs 4, 
Dalmanites 17, Homalonotus 4, Lichas 7, Phacops 6, Proetus 28, Phae- 
thonides 4. 

OARBONIO, Phillipsia 14, Phaethonides 4, Grifflthides 6, 
Proetus 9, BathymetopuB 1, Dalmanites (?) 1. 

PBBMIA.N, Phillipsia 1. 

The non-trilobitic genera and species are catalogued in the third part 
of the work. The author gives a systematic classification of the genera 
and catalogues 275 species under 65 genera as follows : 

TAOONIO, ProtooariB 1, Leperditia 2, Aristozoe 2, Nothozoe 1, 
Beyrichona 2, Hipponicharion 1, Lopidilla 1, Lepiditta 2. 

OAMBRIO or Lower Silurian, ^chmina 1, Aparchltes 2, Beyrichia 
18, Bythocypris 3, (Cytfiere 1 ?) {Cytherina 3 1) (Cytheropsis 1 f) Echl- 
nognathus 1, Entomis 1, Eurychilina 3, Isoohilina 7, Leperditia 21, 
Lepidocoleus 1, Primitia 4, Strepula 2, Bollia 1. 

8ILI7RIO or Upper Silurian, iEchmina 1, Bairdia 1, Beyrichia 16, 
Bollia 2, Bythocypris 1, Oeratiooaris 6, Dollchopterus 1, Burypte- 
rus 11, Kloedinia 2, Leperditia 15, PteryffOtus 10, Macrocypris 1, 
Polycope 1, Bunodella 1, Primitia 2. 

DBVONIO; Amphipeltis 1, Beyrichia 8, Bollia 4, Bythocypris 1, Cera- 
tiocaris 3, Dipterocaris 3, Dlthyrocaris 1, Bohinooaris 7, Blymooaris 

2, Entomis 2, EatherUi i, Eurypterus i, laochiUna 2, Kloedinia 1, Leper- 
ditia 4, Lisgocarls 1, Moorea 1, Mesothyra 3, Octonaria 1, PalaBopalae- 
mon 1, Paladocreusia 1, Plumulites 2, Protolemulus 1, Primitia 4, Primi- 
topsis 1, Protobalanus 1, Rhinocaris 2, Schizodlscus 1, Spathiocarls 1, 
Strobelepsis 1, Stylonurus 2, Strepula 2, Tropldocaris 4. Turrilepas 8, 
Ulrichia 1, Eurypterella 1. 

OARBQNIO, AoanthotelBOn 2, AnthrapalaBmon 2, Archaeocarls 
1, Ceratlocaris 2, Cryptozog 1, Cyclus 1, Cythere ? 6, Cytherelllna 1, 
Dipeltis 1, Diplostylus 1, Dlthyrocaris 1, Bstheria 1, Eurypterus 5, 
Isochilina 1, Leaia 2, Leperditia 3, Palasocaris 1, PreBtwiohia 1, Ra- 
chura 1, Strigocaris 2, Belinurus 1, Beyrichia 3 Carbonia 3. (See note.) 

In the supplement the genera Olenoides, Dorypyge and Angelinas 
Corynexochus In part are placed as synonyms of Atops of Emmons, the 
authority for this being Ford's figure of Atops trillneatus from Troy, 
N. Y. 
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The author has followed the various authorities in naming the strati- 
graphic groups to whioh the species are assigned. Hence appear some 
Incongruities, since palaeontologists have not been agreed as to what 
names should be used for the horizons to which their fossils belonged. 
Under the guide of palaBontologic distinctions these anomalies can 
nearly all be eliminated now, and various zones can be defined having 
common characters, embracing several of the old names in one zone. 
The questions of nomenclature for these zones are complicated and vex- 
atious ; but it seems to become more and more appropriate that the rule 
of priorUy should be as binding in geologic stratigraphy as in zoology. 
With that as a guide many synonyms which now are in conflict and an- 
noy the systematist, will drop out of the science. 

NoTB. Recent investigation in PalsBOZoic Crustacea have added to the number 
of flrenera as follows : 

Cambric— Entomis 1, Pontocypris (?) 1, Ctenobolbinain. g.) 6, Tetrctdella in jt.) 6, 
Bollia 2, Vrepanella (u. g.) 5, Joneseua (n. g.) 4« Placentala 2, Beyrichia 1, Eury- 

chilina 7, Primitia 11, Aparchites 1, Leperdftia 4, Leochilina 6. Total 67. 

Silnric— Entomis 1, Ctenobolbiua 1, Aechmina 1, Octouaria 1, Bythocypris 1. 
Total 5. 

Devonic— Cytherella 1. Ctenobolbina 4, Bollia 2, Beyrichia 3. Aparchites 1. 
Leperditia 1, Aechmina 1, Ilalliella (n. g.) 1, Moorea 1, Kirkbya 3, Octonaria 5, 
Bythocypris 2, Balrdia 1. Pachydometla m. s.) 1, BarychUina (u. sr.) 3. Total 90. 

Carbonic— Pi I i Hi psia 1, Pontocypris 1, Bollia 1, Beyrichia 2, Primitia 6, Leperdi- 
tia l^oorea 1. Kirkbya 6, Bairdia i, (Jlrichia 2. Cypridiua 1, Cytherella 2, Total 
23. Trilobites, 81 genera, 683 species. Paleozoic Crustacea, 72 genera. 389 species. 

Trionyx fnrni Malta, In the Quart. Jour. Geol. Soc. Feb. 1891, Mr. 
Lydekker describes a new species of Trionyx (T. melUenMs) from the 
Miocene of Malta. The species is represented by a portion of the carap- 
ace, which, as restored, is about twelve and one half inches long and 
about twenty Inches across. The species closely resembles Chitra 
indica and the author is only prevented from placing it under this genus 
by the fact there is no known instance in Chitra of a divided first neural. 

PalCBOsyops and Allied Oenera, by Chables Eable. (Proc. Acad. 
Natl. Sci. 1891, pp. 106-117.) This paper represents a considerable more 
comparison of the different species than has ever before been attempted; 
from this standpoint the paper is particularly valuable, if from no 
other. The author takes the trouble (?) to say that he has been able to 
compare the different specimens in the museums at Washington, Phila- 
delphia, Princeton, and New Haven, in which he is most fortunate, as 
PaUjsosycyps has been in a most mixed-up state ever since it was first de- 
scribed. The Princeton specimen of P. paludo»U8 Leidy is made the 
basis of operations and, as the reviewer of this paper has said on former 
occasions, the work from the Princeton museum has been most satisfac- 
torily done. Mr. Earle thinks Leidy's P. major is synonymous with 
P. paludosus Leidy; the specimens representing the former equalling in 
every particular the original specimens of the latter and hence he sup- 
presses the species P. major. He has found two different Individuals 
indicated as P. paltLdosua Leidy; to the smaller he applies the name P. 
minor, which no doubt equals some of Leidy's later P. palxidostis but not 
the original. Cope's P. Icevidens is dropped, as not appropriate. The 
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author also states Marsh's claim that the teeth of P. laUceps Msh. have 
the same structure as Leldy's P. palxjLdjo^us is incorrect; the molar of 
the one approaches Telmatotherlum Msh., the other P. paludosus Leidy. 
Leurocephalus S. & O. becomes a synonym of Telmatotherium Msh which 
is retained. Each species is then taken up and described in a compre- 
hensive manner. PaUeosyops minora sp. nov. in which ** second superior 
premolar with two external lobes; external lobes of last superior pre- 
molar equal. Intermediate conules of true molars reduced, a strong- 
external cingulum present.'* Limnohyops Msh embraces PaUcosyops a» 
employed by Marsh, Limnohyua as employed by Leidy and others. 
Limnohyops laticeps Msh., syn. with P. laticeps and Lirtmohysus laticeps^ 
of Leidy. Palceosyopa megarhinua Earle (Am. Nat. Jan. 1891, 45): ''No 
diastema in superior dental series, canines very small and wide-spread- 
ing, superior true molars without external cingulum; distal extremity 
of nasal expanded." 

Age of ttie Peace Creek BedSj Florida, Mr. W. H. Dall (Proc. Acad. 
Natl. Sci., Feb, 17th, 1891), calls these beds, from^which a considerable 
number of mammalian fossils have recently been extracted, '* Older 
Pliocene." 

Bascmite from the Wyandotte Cave, E. Goldsmith gives an analysis 
of basanite from Wyandotte cave, Crawford, Co., Ind.: SiO,, 93.66; 
Al,0,+FejOg, 3.10; HjO, 1.34; C, 0.28; CI, Trace; Sp gr., 2.605. 
Proc. Acad. Natl, Set., Phila., 1891, p. 99, 

Dictionary of fossils, — ^By J. P. Lesley. (Geological Survey of Penn- 
sylvania, P4, vol. ii, N-R, 1888, and P4, vol. iii, S-Z, 1890. 

These two volumes are a great improvement over the first volume 
which contained no less than thirty pages of errata. Vol. ii contains, 
ten and vol. iii, thirteen pages of errata. The labor involved in the 
production of this work cannot be overestimated, and while the diction- 
ary is intended for the use of citizens of the state of Pennsylvania, it 
will undoubtedly prove more useful to the paleontologist, being, as it 
is, an alphabetical synopsis of the entire PalsBOzolc system in Pennsyl- 
vania and adjacent states. The work throughout is abundantly sup- 
plied with illustrations and it is to be regretted that they are not of 
better quality, but, however, it is understood that the appropriation by 
the state would not admit of better ones. 

C(mtrtbutions to Invertebrate Palceontology, R. P. Whitfield. (An- 
nals N. Y., Acad. Sci. 5, Dec. 1890, pp. 505-622.) 

Under this title Mr. Whitfield gives a very interesting description of 
a large number of species from the various horizons of the Palaeozoic. 
Under ** Fossils of the Erie Shales" is described a new species of Ento- 
mostraca Aristozoe canadensis, whose carapace is one and one-half 
inches long and one inch high. This, however, is not from Ohio, hav- 
ing come, it is said, from the Trenton of Canada. Twelve well-executed 
plates illustrate the paper. 
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Lake Supebiob Stbatiobapht. In your May number Dr. Lawson 
has a criticism* of a recent paper of minef in the American Journal of 
Science upon Lake Superor Stratigraphy, in reference to which I ask 
space for a few remarks. 

In the first place, while Lawson mentions our past and present general 
agreement, he so emphasizes the points of difference that one would not 
become aware from the review how close this agreement really is. The 
district considered by Lawson is only one of several in the Lake Superior 
region which were discussed by. me. If the criticisms were wholly true 
of that one district they would not disprove the correlations for the 
others. I am In harmony with, and understood before the appearance 
of the criticism, the four propositions^ made as to the relations of the 
Animikie, Keewatin, Coutchlching, and the gneiss and granite which 
Lawson recognizes as Laurentian, except that I have no knowledge 
whether or not the pre- Animikie erosion is *Hhe greatest in American 
Geology.'' From the criticism, although I do not suppose this was in- 
tended, one would certainly infer that there is a fundamental difference 
in the successions proposed by Lawson and myself. I submit a parallel 
arrangement of our stratlgraphical columns for western Ontario, omit- 
ting major taxonomy. 

SuccesaioTt in western Ontario Succession in western Ontario 

according to Van Hise.^ according to Lawson.* 

Nipigon. Keweenawan or Nipiffon group. 

Unconformity. Unconformity. 

Animikie and Upper Animikie Group. 

Kaministiquia. (Possibly Huronian). 

Unconformity. Unconformity— Greatest erosion inter- 

val in American Geolofcy. 

Keewatin in part at least, Keewatin Group, 

and Lower Kaministiquia. ( Possibly Huronian.) 

Unconformity? Unconformity? 

Goutchiching. Goutchichingr Group. 

Eruptive Unconformity. Irmptive Unconformity. 

Laurentian. Laurentian System. 

The rock succession Is seen to be nearly identical, with identical 
relations. Lawson says that my table presents an *' undesirable incon- 
gruity " in that the Laurentian rocks are made more ancient than the 
Keewatin, when they cut them. That I recognized that the granite- 
gneiss of Bainy lake and the Lake of the Woods cuts the Keewatin is 

*Lake Superior Stratigraphy, Andrew C. Lawson: Am. Geol., vol. 7, pp. 820-327. 

t An Attempt to Harmonize some apparently conflicting views of Lake Superior 
Stratigraphy, G. B. Van Hise: Am. Jour. Sci., vol. 41, pp. 117-137. 

Ubid.p.322, 

^Ibid, p. 137. 

'Ibid pp. 326-327. In this succession in the original table Irruptlve Unconformity 
and Laurentian system are transferred under Coutchichin? in order to give a 
columnar arransrement. The Irruptlve Unconformity and Laurentian System in 
the table are so arranged as to apply both to the Goutchiching and Keewatin. 
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clearly Indicated in the text of my paper.* Aside from the matter of 
the Signification of Laurentian, the one difference of importance in the 
successions is that I place as a part of the Animikie the Upper Kamin- 
istiquia and equivalent rocks. These Lawson would regard as a part of 
his Keewatin. But he appears to have overlooked the fact that I dis- 
tinctly suggest that between these series there may be an additional 
unconformity.f 

Lawson objects to my placing the Keewatin as post-Archean and the 
Coutchiching as Archean on the ground that both of these have been 
Intruded by subsequent granite-gneiss which he has denominated Lau- 
rentian. It is wholly new to me that an intrusive which cuts two prior 
series of rocks can give information as to the structural relations and 
relative ages of those two series. Dr. Lawson would hardly think of 
binding with the Triassic of Ck)nnecticut and New Jersey the adjacent 
pre-Cambrian crystalline rocks because they are both cut by numerous 
dykes of the same age. 

On the south shore of lake Superior it has been repeatedly maintained 
by Brooks, Pumpelly, Irving, Chamberlin, and others, that the clastic 
series rest upon a thoroughly crystalline granite-gneiss-schist complex 
with an intervening great unconformity. In this part of the lake 
Superior region, from their point of view, subsequent to a portion of the 
elastics, there have also been granitic and gneissic intrusions. North- 
west of lake Superior, Lawson^s work has shown that similar intrusives 
cover large areas and include much of what has there been designated 
as Laurentian. Agreeing with Foster, Whitney, Wadsworth, Herrick, 
and the published reports of Rominger, Lawson has generalized as did 
some of these writers, that because a part of the granite-gneiss is intru- 
sive later than the sedimentarles, it is all of this origin. 

From recent work of others, the manuscript report of which I have 
seen, it appears probable that Lawson has overlooked that northwest of 
lake Superior, as on the south shore, and not far from Rainy lake, there 
is also a granite-gneiss-schist complex which is more ancient than and 
served as a basement upon which the fragmentals were deposited. This 
oversight may be due either to the fact that this basement complex does 
not appear in the districts which Lawson has studied in detail, or pos- 
sibly cleavage may be so prominently developed in these districts as to 
have made it difficult to discover these relations. Because a part of the 
granite-gneiss northwest of lake Superior is an intrusive, is no evidence 
that another part of It is not more ancient than any of the sedimentarles. 
Thus, notwithstanding Lawson's surprise, I think that there still is 
found a large part of the preexistent basement in the Lake Superior 
region upon which the clastic series were deposited, a position which I 
do not hold dogmatically, but as according best with present evidence. 
The problem from my point of view is simply more complex than Lawson 
has believed. All of his facts are true, as well as the like facts of Fos- 
ter, Whitney, and others, and there is the additional great fact of a 
granite-gneiss-schist complex more ancient than the recognized clastic 

•Ibid, p. IM. tibid. p. 126. 



Correspondence, 385 

series, as shown by Brooks, Pumpelly, Irving, and others. It is only 
when Lawson carries the facts of the districts which he has studied in 
detail (about 2 square degrees) over the entire Lake Superior region (30 
or more square degrees), assuming that all of the coarse, banded, in- 
tricately contorted granite-gneiss is of the same age and origin as the 
somewhat regular granite-gneiss with which he is most familiar, and is 
consequently later than the clastic series, that I do not follow him. In 
short I accept the facts of both schools, but decline to apply the facts 
of one to the entire region to the exclusion of those of the other. 

It seems to me that my mistake has been in using the word Coutchi- 
ching to designate the schists of this most ancient schist-gneiss-granite 
complex. To this conclusion I had come before Dr. Lawson's criticism 
was published, and had determined in a forthcoming discussion of the 
pre-Cambrian of America, of which my paper was a condensed state- 
ment of a small part (and therefore gives the evidence imperfectly), to 
discard the term Coutchiching for this place. By thus avoiding the 
implication that the Ck)utchichlng is a part of the basement complex this 
series will be left to fall in its proper place as future investigation 
shows it to belong, and if it proves to belong to this fundamental com- 
plex, Coutchiching will of course apply to its schists. In the mean- 
while there will result no such confusion as has come from the applica- 
tion of Coutchiching to the schistose part of this fundamental complex. 

In this connection the question arises as to the use of the term 
Laurentian. Shall it be restricted to the basement granite-gneiss, or 
shall it include the whole granite-gneiss-schist complex prior to the 
clastic series, or shall it also include the granite-gneiss of later age 
which Foster and Whitney call Intrusive, which Rominger calls 
Huronian, and Lawson calls Laurentian, and which he has supposed 
is the only Laurentian? From my point of view it certainly cannot 
be applied to the last class alone, and any one of these usages of it is a 
radical deviation from the original application of the term. Logan's 
descriptions of his typical areas (Ottawa and Grenville), clearly show 
that this Laurentian is largely a bedded series of unquestionable detrital 
origin, consisting in large part of limestones, quartz-schists, quartzites, 
and even conglomerates. But the question as to the proper use of Lau- 
rentian is one which I avoided raising in my paper because I knew it 
was one upon which there would be difference of opinion. Lawson's 
article forces a statement of the question even if space does not permit 
an attempt to answer it. 

Lawson objects to my use of the term Archean. It may be suggested 
in return that if my use of this term is open to criticism, Lawson's use 
of Algonkian is perhaps equally open to attack. This is a term intro- 
duced by the United States Geological Survey as a period term standing 
equivalent to Agnotozoic, proposed by Irving, to include pre-Valeozoic 
clastic series, not of the Lake Superior region alone, but for the whole 
United States; yet Lawson places the whole Algonkian as Paleozoic, 
without any reference to its original definition or to its use in previously 
published articles. 

27 



386 The Americcm OeologUt. jaDe,i89i 

But space will not here permit a defense of my major taxonomy. As 
has been indicated, my paper was but a part of a mcire extended discus- 
sion to appear in a forthcoming bulletin of the U. S. Survey, and I shall 
have to be content to let the case rest until this paper is published. The 
object of my article was to emphasize points of agreement as to actual 
rock successions in the Lake Superior region; the object of this note is 
to show that Dr. Lawson and I are mainly in harmony in this respect. 
In the matter of major taxonomy it is evident that there is a difference 
of opinion. It is a case of disagreement as to what will best advance 
the geology, not only of the Lake Superior region, but of America as a 
whole. C. B. YaxHisb. 

Jlfadison, TTfo., 'May 9, 1891, 

The Appbopbiation fob the Missoubi subvet. I notice on p. 270 
of your issue for April, that you spoke of an appropriation of $40,000 
per year being made for this survey. I have seen this statement in 
other publications and do not know exactly how it arose. The appro- 
priation which has been made for us is $40,000 for two years, and we 
have to defray the expenses of publication out of this, so that this is 
altogether a moderate sum, I agree with you that a small and contin- 
uous appropriation is a desideratum for the future, and I recognize that 
we cannot expect to secure large appropriations for many years in suc- 
cession. There is, however, certain fundamental work yet to be done 
in this state, which I wish to push to completion as soon as possible; 
after this is done, the small continuous appropriations will be all that 
is necessary, it seems to me, to maintain the survey as an efiScient or- 
ganization. Abthub Winslow. 

Jefferson City, April 13, 1891. 

Db. Cabpenteb^s beply to Mb. S. A. Milleb. 

The Amebican Geologist for July, 1890, contains two letters by Mr. 
S. A. Miller of Cincinnati, in reference to a review of his ** North Ameri- 
can Geology and Palasontology " which had appeared in the Annals 
and Magazine of Natural History for the previous April. Mr. Miller 
was not pleased with this review, which he called ^' a false, malicious 
and libellous article," and he wrote a letter about It to the editor of the 
Annals. But instead of sending it direct to them, he asked Messrs. 
Dulau of London, who had purchased some copies of his book, to for- 
ward it to him. The terms of the letter, which was subsequently pub- 
lished in your columns, were somewhat violent ; and as Messrs. Dulau 
desired to keep out of other people's quarrels they returned the letter 
to Mr. Miller, and advised him to send it direct to the editors of the 
Annals, This, however, he neglected to do, and yet he now states that 
the letter was returned to him ** with a refusal to publish it ;" while he 
further comments on the ** disingenuous management'' of the Annals, 
and *Mts subserviency to those nearest home." These statements, like 
many others which Mr. Miller has made, have no foundation in fact. 
For his letter never reached the editors of the Annals at all ; and he 
cannot therefore have any grounds of complaint against them about it. 
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Mr. Miller has promised on some future occasion to '* make known 
the motiveH that actuated the unwarranted attack, as I recognize the 
author as well by his feet tracks, as I would if his signature had ap- 
peared with the middle name at full length as usual.* 

It is well known to those who are acquainted with Crinoid literature, 
that this passage refers to me. But Mr. Miller is entirely mistaken ; 
for I neither wrote the review in question, nor did I know anything 
about it till some time after its publication. 

As, however, Mr. Miller imagined me to be the author of it, the in- 
temperate violence of his personal attact upon me in the November and 
December numbers of the Amebican Geolooist may be readily under- 
stood. We have unfortunately differed upon a small point of nomen- 
clature, Mr. Miller preferring the empirical, and I the rational termin- 
ology. The latter is in general use in Europe and Australia ; and 
it has been gradually adopted in America by Messrs. Wachsmuth and 
Springer, A. G. Wetherby, H. S. Williams, C. D. Walcott, A. H. 
Worthen, W. R. Billings, £. N. S. Bingueberg, J. F. Whiteaves and 
A. Agassiz. I am not aware that any American palsBontologists have 
used the old and purely empirical nomenclature during the last eight 
years, with the exception of Mr. Miller and his collaborator, Mr. Gur- 
ley, who are, therefore, in a somewhat isolated position ; and this may 
perhaps account for the tone of Mr. Miller's remarks upon the subject 
in pages 279-281 of your November number. Among these remarks 
there is one statement which is so absolutely untrue that I must ask 
you to allow me to contradict it. According to Mr. Miller, I have said 
that the so-called subradial plates of palaeocrinoids are " the genital 
plates," an assertion which he calls ** purely gratuitous, and not war- 
ranted by any of the known facts relating to crinoids." This criticism 
was not necessary, as the assertion in question was never made. But 
like many other morphologists and palaeontologists I have described the 
so-called subradial plates of crinoids as homologous with the so-called 
genital plates of urchins ; and this may perhaps account for Mr. Miller's 
very incorrect reference to the subject. It is useless, however, to look 
for a proper understanding of the morpholgical questions which are 
here involved, or even of the meaning of the word ** homologous," on 
the part of an author whose zo(Jlogical knowledge is so limited that he 
tells his readers that the sponges *' are not to be regarded as any more 
highly organized than the Rhizopoda." 

Mr. Miller's acqulntance with recent publictions on the subject of the 
Crinoidea is equally defective. On page 356 of your December number 
he quotes against me an opinion of Wachsmuth and Springer's to the 
effect that they do not understand how the five summit plates of Haplo- 
crinus can represent the orals of a palaeocrinoid ; and he briefly adds, 
** Neither does any other one." 

It is a pity that Mr. Miller should have committed himself to such a 
very positive statement ; for it is not true. If he will consult the well 
known text books on palaeontology by Zittel, Hoernes, Steinmann, and 
Nicholson, and also Neumayr's important work **Die Stamme des 
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Thierreiches,'' he will find that the five summit plates of Haplocrlnus are 
invariably regarded as orals. But this is DOt all. Although Messrs. 
Wachsmuth and Springer could not accept this view in 1886, they found 
reasons for changing their opinions two years later. In the Proceed* 
ings of the Academy of Natural Sciences of Philadelphia, for 1888, 
they published a paper entitled '* Discovery of the ventral structure of 
TaxocTinui and Haploorinus, and consequent modifications in the classi- 
fication of theCrinoidea." Mr. Miller is evidently not acquainted with 
the contents of this important paper. For on page 350 the authors say,. 
" We must admit the weight of the evidence is in favor of the supposi- 
tion that the plates covering the ventral surface in HaplocrinuB and 
AaUagecrinvLa are orals." Mr. Miller, however, seems to have remained 
in total ignorance of the fact that Wachsmuth and Springer had 
written anything fresh upon the subject of Haploerinus since 1886 ; 
while certain passages in his definitions of the families Ichthyocrinidae, 
Taxocrinid«, and PlatycrinidsB, show him to be equally unacquainted 
with the recent discoveries of his fellow country men, though they 
were published nearly two years before he wrote, and have a most im- 
portant bearing on the systematic arrangement of the Crinoidea, as 
indeed is implied in the title of the paper in question. The result Is 
that he has produced a classification of the group, of which it is 
scarcely too much to say that, like his use of the term **subradials," it 

was out of date before it was published. 

P. Hebbert Cabpesteb. 

Eton Collegej WindsoTj Englandy April 20, 1891. 

A CoBBEcnoN. By an error in my paper on Lake Superior Stratigraphy y, 
the word " younger " appears instead of ^* older " in the eighth line 
from the bottom on page 322 of the Aicebican Geologist for May,. 
1891. Andrew C. Lawson. 

Berkeley, May Sth. 



PERSONAL AXD SCIENTIFIC NEWS. 



Dr. Hans Reusch has recextly found, on the north side of 
the Varanger fiord in northeastern Norway, glacial striae and a 
formation which was originally boolder-clay or till, belonging to a 
period much older than the Ice age of the Quaternary era. The 
series of sandstones and conglomerates presenting these proofe of 
former glaciation are regardeil by Dahll as Permian, but Dr. 
Reusch thinks that they may be a part of the Cambro-Siluriaa 
system which chiefly makes up the Scandinayian mountains. The 
paper contains excellent photographic illustrations of striated 
rock fragments from the conglomerates, and of the striae and 
grooves on the underlying sandstone. There were two courses of 
glacial movement, the principal one being towards the southeast , 
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crossed by another towards the east. The Qaatemary glaciation 
of this district was from southwest to northeast. If the ancient 
glacial period was Permian, it was probably contemporaneous, or 
nearly so, with the Permian and Carboniferous glaciation of por- 
tions of Great Britian and Central Europe, and of South Africa, 
India, and Australia, as reviewed in the Geologist, May 1889. 

The last Legislature op the State of Washington, appro- 
priated fifty thousand dollars for a geological survey of the state. 

At the meeting in Washington, on April 21, 1891, of the 
committee on organization of the International Congress of Geolo- 
gists, the following communication was received : 

February 28, 1891. 
Pkof. H. S. Williams, 

Sec^V of Com. of Organ, Intern. Cong. Oeologists. 
Dear Sir: — ^The undersigned, feeling that with their radically different 
views from the majority of their colleagues of your committee, on the 
most Important questions concerning the coming session of the Inter- 
national Congress of Geologists, they cannot aid the said majority in any 
way In the work of preparation therefor, hereby offer their resignations 
from the committee of organization. Very truly, 

T. Sterry Hunt, 
Persifor Frazbr, 
E. D. CoPB. 

Since that date Prof, Joseph Leidy and Prof. Angelo Heilprin, 
both formerly Philadelphia members of the committee on organiza- 
tion, have ceased to be such, the first through his lamented death 
and the second by resignation. 

Rate op Coral Growth. — Prof. Heilprin (Proc. Acad. Natl 
Sci. Phila., Jan. 27th, 1891) states that from observations re- 
cently made in the harbor of Vera Cruz, Mexico, the annual ac- 
cretion of Porites astceoides is somewhat less than one twentieth 
of an inch. Observations on other species of corals have yielded 
similar results. 

Aqueous origin op gold. — Some of the great gold quartz veins of 
Australia, are considered by very high authorities to have been 
formed from a deposition of quartz and silica, by condensation from 
an aqueous solution of an alkaline silicate of gold. The microscopic 
researches of both Sorby and Howitt, have shown that in the 
minute cavities of vein-silica, or in crystals of quartz, an aqueous 
fluid has been found, which upon analysis has been shown to con- 
sist of water, holding sulphates and chlorides of potash, soda and 
lime in solution ; and these substances are all, earth alkalies I 
Also, in this fluid found in the minute cavities of vein-quartz, 
even free sulphuric and muriatic acids have been found, thus 
giving rise to the former possible combination of an aqueous solu- 
tion of an alkaline silicate of gold, with aqueous solutions of the 
hyposulphites and cholorides of gold, and the free acids being 
formed as soon as the conversion of the gold in the metallic state 



390 The American Geologist, June, i89i 

took place. Following up this line of reasoning, every peculiarity 
of the genesis and structure of an auriferous or gold-bearing quartz 
vein can be explained, by presuming that the deposition of the 
quartz came from water which held alkaline silicates, salts and 
acids in solution, and precipitated them upon condensation of this 
aqueous solution, which was then followed with crystalization of 
the silica into quartz, and the silicated gold into metallic gold. 
And, in addition to these reactions, the associated minerals found 
in the veins of quartz with gold, may have evidently been derived 
from the very same sources. — />r. Willis Everette, 

It is to be hoped that the following extract from the 
Cleveland Leader does not represent the average condition of 
geological knowledge in the great state of Ohio, or at least among 
its legislators. It has long been known that the wise men came 
from the East, and Sidney Smith once said that he never realized 
this till he went west It would seem. that << gassing'' should be 
the chief employment of the state geologist according to Mr. 
Brown. 

Columbus, March 18. 

Representative Griffia, of Lucas, has received a letter from repre- 
sentative Brown, of Hancock, asking for legislative action of a rather 
startling nature. Mr. Brown requests that Mr. Griffin introduce a reso- 
lution providing for an investigation of Hon. Edward Ortpn, state geol- 
ogist, for stating in his last report that natural gas is failing in north- 
western Ohio. 

Dr. Ottokar Feistmantel op Prague, died on the 10th of 
February in the 43d year of his age. 

Dr. Joseph Leidy, the eminent paleontologist, of Philadel- 
phia, president of the Philadelphia Academy of National Sciences, 
died April 30, at his residence in that city. 
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ERRATA. 

Page 322. 10th line from the bottom for "younger" read older. 
In the Mineral table, page 338, after Monazlte read l.Sll^Ji' yellow. 
Insert a diaeresis over the u of grOnesite. 

In the classification of rocks, under III. B. f. 3d, transfer the semicolon 
from before to after the word feldspar. 
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